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Photonuclear Data-Abstract Sheets
1955-1982

I. Introduction

As used in connection with this collection of data-abstract sheets, the term
photonuclear data is taken to mean any data leading to information on the electro-
magnetic matrix element between the ground state and exci ted states of a given nuclide.

The most common types of reactions included in this compilation are: ( e ,

e

1

) , (y,y),
(y,y‘ ), (y,n), (y,p), etc. as well as ground-state particle capture reactions, e.g.

(a,y 0 ). Two reactions which fit the matrix element criterion are not included in

the compilation because of their rather special nature. These are heavy particle
Coulomb excitation and the thermal neutron capture reaction (n,y 0 ) . While the energy
region of particular interest extends from 0 to 150 MeV, papers are indexed which
report measurements in the region from 150 MeV to 4 GeV. Most of the experiments
listed are concerned with the excitation energy range from 8 to 30 MeV, the region
of the photonuclear giant resonance.

The hierarchical grouping of the photonuclear data-abstract sheets wi thin the fi le

is by: 1. Target Element, 2. Target Isotope, and 3. by the Bibliographic
Reference Code assigned to the paper from which the data on the sheet were abstracted.
In tnis file, colored pages are used to mark the beginning and end of the sheets for
each chemical element. A brief historical sketch of the elementis given on the divider
sheet marking the start of each section; the information for this sketch was derived
from references such as the Encyclopaedia Bri tannica. In those cases where the sheets
for a given element make up a major part of a volume, colored pages are also used to

del’ neate sections pertai ni ng to the individual isotopes of the element. Each of the

sections of the file, as delineated by two colored divider sheets, represents a 27 year
history of the study of electromagnetic interactions in either a specific nuclide or a

specifc element.

The data-abstract sheets are filed under the element and/or isotope in which the

ground-state electromagnetic transition takes place. For example, the abstract sheet
for a total neutron yield measurement for a naturally occurring copper sample would
appear in the elemental section of the copper file. On the other hand, a measurement
of the 62 q u 9.73 minute positron activity produced in the same sample by photons
with energies below the three-neutron separation energy for 65c u (28.68 MeV) would
be filed with the sheets for 63q u> Similarly a measurement of the ground-state
neutron capture cross section in Wouid be filed under while the correspond!' ng
ground-state alpha-particle capture cross section would be filed under 15(3.

At the end of this volume there is a master list of the abbreviations that have
been used in the index section of the abstract sheets. The listings are those used
in the final published index, Photonuclear Data Index, 1973-1981

,
NBSIR 82-2543,

i ssued i n August 1982 by the U . S. Department of Commerce, National Bureau of Standards.
Washington, DC 20234. In seme cases two notations are entered for the same quantity.
The second entry is the abbreviation that was used in one or mere of the earlier
published editions of the index.
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N
A = 1 3

NITROGEN

1=7

Nitrogen was first recognized by C. W. Scheele (1742-1736), a

Swedish chemist of great importance. It was discovered indepen-
dently by Joseph Priestley and Daniel Rutherford, but there is

little doubt that Scheele's discovery orecludes them by two years.
Antoine Lavoisier named the gas "azote" (from the Greek azotes
"ungirt” taken to mean lifeless) because of its inability to

support life; he recognized it as an element. The name nitrogen
was introduced in 1790 by J. A. Chaptai to indicate that the

element is a constituent of niter (potassium nitrate). N

A = 1 3

Scheele was a proprietor of a small pharmacy. Pharmacies were then

considered quiet centers of original research. He was offered many
academic positions, including the chair of chemistry at Berlin, bur

never exchanged the practice of pharmacy for an acacemic career.
Scheele performed an extraordinary amount of original research and

published many papers, most of which contain some major discovery
or important observation. His work touched on every area in

chemistry of his time. It is said that his unremitting ’work,

particularly at night, in a poorly ventilated laboratory, and his

handling of the most toxic materials (with the habit of tasting and

smelling them indiscriminately) inauced the illness which caused
his death at the age of 43 in 1786.

A - '

J
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A.W. Parker, G.G. Shute
Australian J. Phys. 15

,

44* ( 1962 )

N 1 *

METHOD
Inverse; Nal spectrometer

REF. NO.

62 pa 2 NVB

RESULT EXCITATION SOURCE OETECTOR
REACTION ENERGY TYPE RANGE TYPE RANGE

ANGLE

P,G ABX 8-11 D 6-9 NAI-D 90

(6.6, 7.53,

8.17, 9.14)

Table I

LEVEL PARAMETERS OP “N AND UPPER LIMITS TO CROSS SECTIONS

(MeV)

ijirjf

(MeV)
jn 1F(3)

c(P-P')

(mon/st)
<*(P.Y.)

(p-bn/rt)

®(P-Yi)

(pbn/rt)

6-6 8-0 3/2* 5—3 cos* (0) 4 <2 <4
7-63 8-69 1/2- isotropic 16 <2 <10
8-17 9-48 3/2- 5—3 cos* (0) 19 <2 <2
9-1* 10-38 7/2“ complox 24 <2 <2

corm NBS-418
(REV. 7-I4.4/.I
U3COMM.OC 2B010.PSA PHOTOMUCLEAR DATA SHEET 6

J.S. DEPARTMENT OF COMMERCE
NATIONAL 3UREAU O” STANDARDS



Ref.E. K. Warburton, H.D.Funsten

Phys.Rev. 128, 1810 ( 1962 )

Elem. Sym.

Method

Synchrocyclotron - Nal(Tl)

Ref. No.

62Wal 0O

Reaction E or AE rkeV ad E J tt Notes

(p,p'y) E =16-20
P

E =15.1
Y

V17 * 5

18.05

19.5

k20±50

230±50

250+if-O

KJt*

1 . Hik:
'

/vA.
)

/ A

ENERGY (MeV.1

4 I'm: Mt -;i::ircniiai rr.^s sivtiun !->r the 1
* 1

,1 r;iy> ir.»*n ('
- i.l.iatru-d u-injj .1 5 in X 4 in X

• ! he ••nh'Niie -i ale fives ihu iota! t r-.-u M-cti-m -h
-*' 1 ' r , ‘ r -u - h.i\»- .ci ii.»ir .|>ic •

1

1-1 ri f »nt ion relative
1 hewn. The re-.. nan< •> at 17 5 . I

^ 1
. ,m .i i

l * % M, \

nti.ha-i/.eii '-\
| >

i
-

[
* i 1 . ir the .itiiVr«:n a en 1 he

\ I e \

ii. r:

JO* ,

FORM NBS-418
(8-1-63)
•JSCOMM-OC I8556-P63

Resonances in (p,?'y) correspond to

states at: 18.

1

(for Ep=l7 « 5 )

18.65 (for E =18 . 05 )
and 19.8 (for

E
p
-19 . 5 ).

1
-2

Excitation energy of N“ =1.9^-l+0«92iiE^

Ground state capture shows little

structure.

GAMMA
- B

SAY ENERGY (MeV)
s> z i a at

Ku;. 7. ['he VO' differ-

ential cross section for

C 1 - ,;X 13 obtained
using a 5-in.X4-in.

Xal(Tl) crystal at 90
3

to the protun beam. The
ordinate scaie gives the

total cross section

(±20' i), if the gamma
rays have an isotropic

distribution relative to

the proton beam

‘tl
1*

PROTON ENERGY (MeV'

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS

PHOTONUCLEAR DATA SHEET 7



Ref. P.S. Fisher, D. F.Measday, F. A.Nikolaev, A.Kalmykov, A. B. Clegg

Nuclear Phys. 4fj, 113 ( 19^3

)

Elem. Svm.

N

Ref. No.

63FH

13

Method

50 MeV proton linac - Nal B Cr

Reaction E or A E <7d E J ” Notes aUlo-*

12
c(p,t)

13
n 10-48.5

(P,T0 )

(p,Y0 )

'excitatijon

13

20

(24)

32.5

25

18 22 26 3 0 34

EXCITATION ENERGY (M0V) IN N
,J

T = 3/2 part of giant electric

dipole resonance concentrated

largely above 22 MeV.

T = 1/2 resonance found about 13MeV.

y ,
transition to graund state

Yg, transition to 3*5 doublet

25 MeV resonance probably El .

Detector at 90°

'20 2A 2 ) 22 36 40

EXCITATION ENERGY (MeV) IN N'
1

Fig. 4 . The excitation function for the reaction lJC(p, '/„)
ISN. Run 1 — x

, run 2— C, run 3 — j. Fjg 5 jhc exc j tallon function for the reaction lIC(p,y,)"N

FORM NSS-41S
(8-t-63)
use OMM- OC 1 ECB0-F<53

U.S. DEPARTMENT OF COMMERCE
NATIONAL. BUREAU OF STAN O ARDS

PH0T0MUCLEAR DATA SHEET 8
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REfr
- F. S. Dietrich, M. Suffert. A. V. Nero and S. S. Hanna

Phys. Rev. _lo8, 1169 (1968)

ELEM. SYM.

N 13

METHOD REF. NO.

68 Di 1 HMG

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G LFT 15-16 D 14- 15 NAI-D 11-15 DST

(15.07) ( 14 .2 )

Table I. Parameters of y transitions from the 7°»{, J“ state in ”N to lower r=»$ levels.

Final state

£.(MeV) /* Theor.*

rT(eV)

Theor.4 ExpL ExpL*
Af

Theor. ExpL Theor.*

4*

ExpL

0 i- 39 27 >4.7 27±5 -0.75 -0.66±0.09 -0.167 —0.095±0.07
2.365 i* . . . . • • <4.5 0.50*

3.51 r 48 10 1 r 0.51

1

f +0.074
y >4.0 23±5 y 0.30±0.10 J.

3.56 i
+ ...j t 0.10«J 1

• Coefficient In Ft-MiFa
* Amplitude ratio oi El and M 1 radiation.
* J. G. Glnocchio, quoted In Ref. 4.
* Reference 13.
* Present result combined with Ref. It.
« For (r») -7/in*. Ref. 14.
« For pure £1 radiation.

Fig. 3. Angular distributions of the y’s to the ground state of
13N, and to the unresolved second and third excited states. The
nonresonant yield has been subtracted.

form MBS~419
(rev. 7>i4-eat
U 1COMAOC 2e01O.P«4 PHOTONUCLEAR DATA SHEET 1

1
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REF
‘ F. Riess, P. Paul, J. B. Thomas and S. S. Hanna
Phvs. Rev. _L76, 1140 (1968)

METHOO

I
ELEM. SYM. A Z

N 13

REF. NO.

7

68 Ri 2 HMG

EXCITATION SOURCE DETECTOR
-

REACTION RESULT ENERGY TYPE RANGE TYPE RANGE
ANGLE

P,G LFT 2 D 1 NAI-D 4P1

(2.37) (.459)

r - 0.45 ± 0.05 eV.

Fro. 6. Thin and thick target yield curves at the 0.459-MeVre^ce of tne mrouon »CCfi,v)"N. The T rays were detected

^
crystal. The insert snows tne thin target

yieid for the 1.747-MeV resonance ci aC(/,y)“N.

ffORM NB$*418
(R EV. 7-1 *-©4)
G3COMM.OC 28010-P64

U.S. OEF ARTMEN T OF CCMMEPCE
NATIONAL BUREAU OF STANDARDS

PKOTQHUCLEAR DATA SHEET 12



R.A. I. Bell, I.G. Graham and J.V. Thompson
Nucl. Phys. A179 , 408 (1972)

il_ C.M. jiM.

N 13

METHOD REF. NO.

72 Be 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR

TYPE RANGE TYPE RANGE
ANGLE

HE,G ABX 25-33 D 5-15 NAI-I 90

Fig. 4. Differential cro*» section* at 90* of the
loB(t,y0)‘

1N and ,0B(t.yJ5)
1>N reactions. The absolute

cross section scale accuracy is ±20%.

HE-HE3

form N3S-413
(R EV . 7-1 A» 64)
USCOMM-DC 2S010-P64 PH0T0NUCLEAR DATA SHEET 13

U.S. DEPARTMENT OF COMMERCE
NATION AL BUREAU OF STANOAROS



REF.

M. Haslnoff, D. Johnson, and D.

Phys. Letters 39B f 506 (1972)

METHOD

,dLcM. i r M.

F. Measday

13 7

72 Ha 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G ABX 10-17 D 8-17 NA.I-D 90

546

EXCITATION ENERGY H ,3N (MeV)

12 13
Fig. 1. The 90° differential cross section for the reaction C(p,y0 )

N. The lines represent best fits to the various

structures assuming two interfering Breit-Wlgner resonances except that the lines at the T = } level

(£p = 14.231 MeV) are merely to guide the eye.

table
1

j
Resonance parameters for states seen in C(p,y0 ) N
for J =

f-,
and no non-interfering background. The

errors listed are fitting errors only. The values of

rPo rFo and Iy0 may be too small by as much as a
factor of three a there is a non-ir.terferlng background

*p
(MeV) fMeV)

TpoTit)

(keV) 2
r

(keV)
Tyo
(eV)

9.01 10.25 0.17 ± 0.09 280 ± 100

10.62 11.74 0.28 ± 0.10 220 ± 50 2.3 * 1.1
a)

13.12 14.04 0.47 ± 0.12 170 * 20 3.7 * 1.0
b)

14.50 15.31 0.21 ± 0.08 390 ± 150

a) A value of 0.55 * 0.25 Is assumed for rp0/T based
on the values of 0.2S and 0.92 for the levels at °

= 9.132 MeV (13).

b) A value of 126 koV is taken for I>
0 [2).

—

o

sm N3S-4 18
iRSV. 7-14- 541
USCOMUOC 2«0t0-P54 PHOTONUCLEAR DATA SHEET 14

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



REF.

D. F. Measday, M. Haainoff, and D. L. Johnson
Gan. J. Phys. 51, 1227 (1973) EL EM. SYM.

N 13

METHOD REF. NO.

73 Me 3 hmg

RESULT EXCITATION SOURCE DETECTOR
angleREACTION ENERGY TYPE RANGE TYPE RANGE

P,G ABX 9- 24 D 9- Ik NA1--D 90

Table 1. Resonance parameters for states seen in * JC(p, y0)
,3N assuming no noninterfering background. The errors

listed are fitting errors only. The values of r„
o
rTo and rT(> may be in error by as much as a factor of three due to a

possible noninterfering background. Of the two solutions given for each resonance, the smaller value for r
To is thought

to be the physical one

£, (MeV) £, (MeV) rPorTo (keV)
3 T (keV) F,

0
(eV)

12.5 ± 0.2 13.0 ± 0.2 3/2* 7500 ± 1000 7000 >1100
9.01 ± 0.15 10.25 ± 0.15 3/2* 0.17 ± 0.09 280 + 100 2:0.6

19 ± 16 330 ± 100 2>58

or 1/2* 1.7 ± 0.5 300 ± 100 >6*
10.62 ± 0.12 11.74 ± 0.12 3/2* 0.28 ± 0.10 220 + 50 ~4.2*

17.5 ± 4.3 230 + 60 ~254*
13.12 ± 0.09 14.04 ± 0.09 3/2+ 0.47 ± 0.12 170 ± 20 3.7 ± ! .O'

9.6 ± 3.5 170 ± 30 76 + 2SC

14.5 ± 0.2 15.3 ± 0.2 3/2
+
(?) 0.21 + 0.08 380 ± 150 >0.5

33 ± 13 310 ± 110 >100

‘Anuming no interfering background.
•A value of 0.30 ± 0.05 U aaaumed tor r„/T (Meyer and Planner 1973).
'A vidua of 125 keV a taken for t*,, (LeVine and Parker 1969).

EXCITATION ENERGY IN
l3N (MaV)

Fig. 4. The 90“ yield curve for the reaction
l2C(p, y0)

13N. The solid lines are fits to the data as
described in the text. The narrow peak at E, = 15.1 MeV
is due to the first T = 3/2 level in

13N. The errors shown
are purely statistical and do not include a ± 25% uncer-
tainty in the absolute normalization.

(a) The Capture Reaction

The yield curve for the reaction
!2C(p, y0 )

i3N
is presented in Fig. 4. The errors shown are

purely statistical and do not include the error on

the absolute normalization (±25%) nor the

error for the energy dependence of the window

efficiency (=^10% between the extremes of the

yield curve). The yield for they rays leaving
,3N

in excited states cannot be extracted from the

data in a reliable way, although one can state

that the cross section fory, is always less than a

half that for y0 ,
whilst y 2 and y 3 have a summed

cross section which is typically twice that for y0 .

form nas-410
(R EV. 7-1 4-eal

USCOMM-N3S-OC

statistical and do not include a ± 25% uncertainty in the
absolute normalization.

PHOTONUCLEAR DATA SHEET 15
statistical and do not include a ±25% uncertainty in the
absolute normalization.
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REF.

C. Rolfs and R. E. Azuma
Nucl. Phys. A227 , 291 (1974) 13

METHOD

74 Ro 2 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P.G ABX 2- 4 D 0-3 SGD-D DST

•-C(p.v)
,JN 2'J7

Fig. 4. The differential cross sections at 0° and 90’ for the y-ray transition to the ground state in
13 \'

are shown as a function ofbeam energy (£„ =« 150-2500 keV). The solid lines through the data potms
represent the optimal theoretical fit (see text). The inset shows the y-ray decay schemes involved

in the yield curves.

(over)

form NSS-418
(REV. 7-1 4-64)
USC OMM-OC 23010-P64 PHOTONUCLEAR DATASHEET 16

U.S. DEPARTM5NT0F COMMERCE
NATIONAL BUREAU OF STANDARDS



Fig. 5. Astrophysieal 5-factor for the reaction lJC(p, y0)
l3N from previous *- 10

) and present work.

The solid line through the data points represents the model calculations.

8) G.L. Bailey et al.
, Phys. Rev. 77 (1950) 194

9) R.N. Hall et al.
, Phys. Rev. 77 (1950) 197

10)

W.A.S. Lamb et al. t Phys. Rev. 107 (1957) 550

17



ReF - R„ E. Marrs, E. G. Adelberger, K. A. Snover, and M. D. Cooper

Phys. Rev. Lett. 3J5' 202 (1975)

EL EM. SYM. A Z

METHOO

N 13

REF. NO.

7

75 Ma 6 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G LFT 15 D 14- 15 NAI-D 125

(15.07)

T = 24.5 ± 1.5 eV LEVEL AT 15.07 MEV
Y°

We have measured the y-ray branching ratios of the lowest T = § levels la ,SC and °N,
and the absolute strength of the y0 transition In 1SN. The mirror electromagnetic selec-
tion rule Is obeyed by the Ml (y„ and y2) transitions. However the El (y 2) transitions
exhibit a surprisingly large charge asymmetry. Charge-dependent differences In the
radial wave functions do not account for a similar asymmetry In strong T = ^— T » 1 El
transitions In mass 13.

,SQ. Wittwer, H. G. Clerc, and G. A. Beer, Phys.
Lett. 30B . 634 (1969).
i:S. W. Robinson, C. P. Swann, and V. K. Rasmussen,

Phys. Lett. 26B , 298 (1963); F. Metzger, private com-
munication.
,3C. Rolfs and R. E. Azuma, Nucl. Phys. A227 , 291

(1974).
mM. Chemtob and S. Furul, Nucl. Phys. A233 . 435

(1974).
15H. Sato and S. Yoshlda, Nucl. Phys. A211 , 509

(1973).

. ABLE I. ^"transition strengths In 1SC and 1JN. Reduced transition strengths are In Welsskopf units.

Si(J
a
,i) r

7
(.v) B(W.u.) S(exp.) S(tbaory) 1*2/%!

13
c

13
S i|;^(3/2-,3/a) o!o U/2-,1/2)

22.7t2.6*
fMl ,

24.2 ± l.S 'aL>
0.318 ± 0.036

.

0.342 ± 0.021' ' -0.07 t 0.13 0.01%
-O.G49

1 < 0.065

u
c

il$C3/2-,3/2) O.’o (V2-,V2)
0.59 ±0.11*
0.32±0.12 l ;

0.S1 to. 10
0.28 ±0.11 ' '

13.
[=;^(3/Z-,3/2) 3

;“(3/2-,l/2) 18.2 1 2.4% .

.

19.6 ± 1.4
0.537 ±0.077,M1 .

0.613 ±0.044' M1, -0. 04 to. 14 0.003* < 0.053

^;^(3/2",3/2)
3
;°*(i/2*,i/2)

4.12t°.74.
s2.a2±0.30ltX '

(6.4 ±1.1) XlO
-3

,..,

s(3.69t0.39)xl0-3 ' ' 10.33 t 0.29

% (1/2*, 1/2)
°o°o

a/2-, 1/2)
0.040 ±0.00S% .

0.13 ±0.01“ -0.69 t 0.05

— .. . —

-

3 =. 0.03 ±0.07* -0.007* I < 0.016*

*Ref. 11. In.
bThis may contain a small unresolved component (see e Isotenaor, Ref. 14.

{ Charge dependent, shell model, Ref. 15.
Ref. 12. 3See text.
“Weighted average from Ref. 13 and references there-

form N3S-413
(R EV. 7-1 4-64)

USC OMM-N 8S-D C PHOTONUCLEAR DATA SHEET 18

U.S. DEPARTMENT OF COMMERCE
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REF.

D. Berghofer, M.D. Hasinoff, R. Helmer, S.T. Lim,
D.F. Measday, K. Ebisawa

Nucl. Phys. A263, 109 (1976)

ELEM. SYM.

N

A

13

z

7

METHOD REF. NO.

76 Be 8 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G ABX 10- 24 D 9- 14 NAI-D DST

Abstract: The reaction 12C(p, y)
,3N has been studied over the energy range 9 < Ev < 14 MeV.

incw biruLiurc is csu&uiisnca. arouna r.x = jv7ev in me giant aipoie resonance 01 4
'IN. ihe

interference dips at Ex = 11.74 .MeV and at 14.04 MeV are confirmed as } levels interfering

for the 12.71 and 15.11 MeV inelastic >’-rays have been obtained up to E, = 24 MeV, and
new structure is observed.

15

EXCITATION ENERGY IN
l3N (MeV)

IT 19 21 23

Fig. 3. Differential cross section for the 90° yield of capture y-rays leading to the ground state of
,3N. In addition to the relative errors shewn, there is an uncertainty in the absolute normalization

of ±20%.

EXCITATION ENERGY IN
l3N (MeV)

LABORATORY PROTON ENERGY (MeV)

Fig. 4. Composite yield curve for capture y-rays leading to the ground state of 13 N. There has
been some slight adjustment of absolute normalizations between the various data (there were al-

ways overlapping regions which are not illustrated).

FORM H3S-418
!R EV. 7-1 4-841

USCOMM-NaS-OC

8
S.L. Blatt et al., Phys. Rev.

15
C10, 1319 (1974).
D.L. Johnson, Ph.D. Thesis,
U. of Wash., unpublished.

3
D.F. Measday et al.. Can. J.

13
phys. 51, 1227 (1973).
P.S. Fisher et al., Nucl.
Phys. 45, 113 (1963)

.

(over)

PHOTONUCLEAR DATA SHEET 19
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EXCITATION ENERGY IN
l3N (MeV)

LABORATORY PROTON ENERGY (MeV)

Fig- 6. Legendre coefficients for capture y-rays leading to the ground state of **N (solid circles).

The open circles represent the l2C(n,y) reaction, derived from the (y, n) data of Bertozzi et al.
lT

).

The open triangles represent the 12C(n, y)
l3C reaction and were derived from the (y, n) data of

Fukuda 1!
). The dotted line represents the 90° yield curve for the 12C(p, y0) reaction. The full lines

are the data of Allas et al.
IS

) on the reaction “BCp, y0)
l2C but shifted down in excitation energy

by 2 MeV.

16
R.G. Allas et al., Nucl.
Phys. 58, 122 (1964)

.

17
W. Bertozzi et al., Nucl.

Instr. 33 , 199 (1965)

.

18
K. Fukuda, Nucl. Phys.

A156, 10 (1970.

EXCITATION ENERGY IN
,3N (MeV)

Fig, 7. Differential cross section for the 90° yield of capture y-rays leading to the ground state over
the energy region 8.7 SI Eu £ 9.3 MeV. This structure is probably a J

+ resonance at £t « 10.25

MeV with rr ss 300 keV.

20
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method REV. NO.

76 Fe 7 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RAN OC TYPE RANGE

P,G ABX 15“ 37 D 16“ 40 NAI-0 90

Summary. — Excitation functions for the reactions llC(p, yo) and.

12C(p, Yj+j) at proton energies in the range 16 to 40 3IeV haTe been

measuredby means of a scintillation pair spectrometer. In the coarse of the

same experiment, the yields of 4.43. 12.7 and 15.1 MeV y-rays following

inelastic proton scattering have been determined as a function of the

incident-proton energy. Resonances are observed at proton energies

of 20 and ~32 MeV; the former appears in all reaction channels except

(p, Ym). while the latter shows np in the capture cross-sections and in

the yield of the 4.43 MeV y-ray. The information collected in the present

experiment, complemented by data on proton elastic and inelastic scat-

terings obtained by other authors, has been interpreted in the framework

of the doorway-state-picture. The intermediate state in U3T at aa excita-

tion energy of 20.4 MeV has been identified with the giant-dipole reso-

nance, while the presence of El and E2 strength is suggested around

32 MeV.

N3S-418
(REV. 7-1 64)

USC OMM°N 85*0 C
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C
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"
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Fig. 4. - Excitation energy in 1JN. a) Differential crow-section for elastic proton

scattering on l2C at 135° (solid points) and 145° (open points); b) yield of 4.43 MeV
y-ray following inelastio proton scattering on 1!C; e) excitation function for the
1JC(pp') ltC* (12.7 MeV): the solid points are relative y-ray data from this experiment,

triangles
(
u

) and crosses
(
1!

)
are integrated proton data.

^H.V. Geramb, K. Amos, H. Spuckmann, K.T. Knopfle, M. Rogge,
D. Ingham and C. Mayer-Boricke: Phys. Rev. C, 1_2, 1697 (1975)

1

^ o . K . Dickens, D.A. Haner and C.N. Waddell: Phys. Rev., 132 ,

2159 (1963)
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METHOD

R.E. Marrs, E.G. Adelberger, and K.A. Snover
Phys. Rev. C 16, 61 (1977)

CL CM. SYM.

N 13

REP. NO.

77 Ma 7 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYRE RANOK TYPE K AN GK

(P.G) ABY 15 D 14 NAI-D DST

(14.2-14.3)

NUCLEAR REACTIONS 12
C(/> ,y„), £*14.23 MeV resonance:

“Bf^e, ny), partlcle-y coincidence; measured r
7f
/r and deduced

l3C (T =3) and ,3N (T =§); symmetry of mirror transitions

; “Bi’He, py). ’]

educed r
7{

and T for I

ansitions. J

ao

1 ' 1
• t—•—c—»-

~i

—

1—r " —r—»-
i

—

lz
C(p.ro)

raN

roton o>o

Q>

^40
0)

\
- 20

J
KUJ

—

1420 "1424
‘

"T428
*

E p (MeV)

FIG. 4. Resonance yield per incident proton (multi-
plied by 4x) for the

i:
C(/> ,y0 )

13
>; reaction at 9

y
=125°.

Only statistical errors are shown. There Is an addition-
al overall systematic error of ± 3% due to the Nal effi-

ciency calibration. The solid curve is a Monte Carlo
calculation (see text) . The plateau region used to obtain
the thick-target yield is delineated by the vertical line3 .

Only the I
p =35 nA data are shown here. The energy

scale comes from the nominal accelerator calibration.

TABLE I. Summary of y widths (in eV) and branching ratios for the l3C(j\ T-j) and !3N-
(f*. T=i) levels at £,= 15.1 MeV. The state labeled f* refers to the level at 7.55 MeV in 13

C.

J r
of

final state 13C
r7 (eV)

13N Theory (
,3N)‘

I*(g.s.)

2

22.7±2.6(Afl) b

0.59±0.11(£2) b

4.12±0.74

24.2±1.5(.W1)

0.32 ±0.12(£2)
S2.82±0.30

26.24(A/1>

0.74(£2)

1-. !
2 -**2 18.2 ±2.4 19.6 ± 1.4 10.44 (to j)
5.
2 <0.9 7.0X10*3

Decay properties of the T=\ levels
13C 1 UN

Vr * (0.396 ±0.030)% r,
9
r

7(1
/r=> (5.79 ±0.20) eV

r = (5.88 ±0.81) keV r
yo

/r,,
0
= (i 2 .i ±i.i)%

r= (0.86 ±0.12) keV

15=15.066

FIG. 5. Angular distribution of the 12
C(/> , y0 )

i3N reson-

ant yield for the UN (T=i) resonance at £» =14.23 MeV.

Yields and angles are with respect to the "N* reference

frame. The nonresonant background has been subtracted

The straight line is a least-squares fit to A
0
P

0
(cosS)

+ A
2
P 2 (cos0).

‘Reference 32.
bReference 18.

39
D. Kurath (private communication)

18
G. Wittwer, H.G. Clerc, and G.A. Beer,

Phys. Lett. 30B, 634 (1969)
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B.L. Helmer, M.D. Hasinoff, J.E. Bussoletti,
T.A. Trainor

Nucl . Phys. A336 , 219 (1980)

method

K.A. Snover, EL EM. SYM. A Z

N

REF. NO.

80 He 4

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPI RANGE

$ P,G ABX 11-18 D 10-17 NAI-D DST

Abstract: Cross sections for the ''C(j5. y0 )

l3N reaction have been measured from £- = lOMeVto l7MeV POLARIZED PROTONS
in the laboratory system by bombarding an enriched carbon- 1 2 target with a beam of polarized
protons. A 25 cm diameter x 25 cm Nai(Tl) detector with a plastic anii-coinctdence shield was used
to detect the gamma rays. The total E2 capture cross sections were of the order of 0.2 ;ib and no
resonance effects were observed. The amount of the E2 energy-weighted sum rule depleted in this
energy range is(8.5±3.3)"„. Calculations based op a direct scmi-direci capture model provide a eood
description of the experimental results by including only direct E2 capture and direct plus collective
El capture.

NUCLEAR REACTIONS ,2
C(p. y0 )

13
N. E — 10-17 MeV: measured differential cross-

E section a ,(£
s

; £»..), and differential asymmetry a.(E-.O). I3N deduced El and E2 cross
sections. Enriched target.

Fig. 4.
1J
C(p, y0)

l3N fractional differential cross sections a(0, E)/A n(E).

The soiid lines are from a least squares fit to the data (see text). Statistical

errors are shown where they are larger than the spot size.

(OVER)

'Obm N8S-418
(REV. 7-1 4.641

USCOMSSN8S-OC

Fie. 5.
l2
C(p. y0 )

13N normalized anguiar distribution coefficients. The solid points retcr to the present

data: the open circles refer to the data of ref.
I6

). The solid curves are from a calculation which includes

direct and collective El capture; the dotted curves include, in addition, a compact isoscalar E2 resonance

(sect. 4),

PHOTONUCLEAR DATA SHEET 24

U.S. DEPARTMENT OF COMMERCE
NATIONAL 3UREAUOF STANOARD





Fig. 5.
,2
C(p, y0 )

,3N fractional cross section asymmetries <r.((K E)JA 0(E).

1 lines are least squares fits lo the data (see text). Statistical errors

only are shown.
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* er K.A. Snover, P.G. Ikossi, E.G. Adelberger, K.T. Lesko

Phys. Rev. Lett 44, 927 (1980)
EL EM. SYM,

13

METHOD REF. NO.

80 Sn 1 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR.
ANGLE

TYPE RANGE TYPE RANGE

$ P.G RLY 15 D 14-15 NAI-D DST

.
(15.1) (14.2-14.3)

The interference between the E, = 14.23 MeV Ml(E2) T = j resonance and the £1 POL PROTONS
giant-dipole-resonance “ background” in the reaction l2C(p p0 | ,y 0 )

13N is used to deter-
mine uniquely the £1 reaction amplitudes. The £1 capture Is found to be predominantly
d wave, in agreement with the basic shell-model description of the nuclear giant dipole
resonance.

PACS numbers: 24.30.Cz, 25.40. Lw, 27.20.+n

Ep(MeV)

FIG. 1. Upper part: cr
total for t2C(ppot ,y0 ) for E,

= 5—30 MeV (Refs. 4 and 5). Lower part: The d-s
phase difference and the relative d-wave intensity for

E> - 10—17 MeV (Ref. 5 plus the present work for 14

<Ey <15 MeV). The points and crosses correspond
to the two different solutions. The solid lines are

DSD calculations described in Ref. 5.

Ep(MeV)

FIG. 3. Excitation curves taken near the lowest T
= i resonance in

1JC(/> t yJ )*,N. The solid curve in the
top part is a calculated fit. The bands in the lower
two parts represent the spread of calculated curves
for the d > and s> solutions, consistent with the off-
resonance angular distributions.
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REF.

METHOD

G. Ferguson, J. Halpern, R. Nathans, and P.F.

Phys. Rev. 95, 776 (1954)

Yergin ELEM. SYM. A

14

54 Fe 1 rs

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,SN ABX 10- 25 C 12-25 BF3-I 4PI

The direct detection of neutrons from (y,n) reactions induced by betatron bremsstrahlung has been
applied to cross-section determinations using gaseous targets at approximately 100 atmosoheres pressure
Results from oxygen are consistent with other determinations. The remaining elements represent new
results and show the familiar giant dipole resonance for the photoneutron process. Parameters of the reso-
nances are determined and related to the systematic behavior previously reported for other elements.

Fig. 5. Photoneutron excitation function for nitrogen.

4 Johns, Horsley, Haslam, and Quinton, Phys. Rev. 8-1, 850
(1951).
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D.L. Livesey
Can. J. ?hys. -U, 21c (1956)

Elem. Svtn.

N

~^T n~0
~'

56 Li 1

Method Synchrotron; p + a cross section; nuclear emulsion

NVB

Reaction £ or At ad E J ” Notes

14
N (y,p+ar) Bremss.

70 =1.3 MeV-mb
“25

F:c. A. Vihitna ot cw w-rrioti *ntb oboton rn«ry ior tV p-*-*. -*mct.on* in carbon
and nitroyn. based 00 83 wars and 33 »iar» respectively. —

porv H3S-418

’JSCOKO--OC t8556-P«3

J.S. DEPARTMENT OF COMMERCE
N AT’ONIL BUREAU OF ANOARCS
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Ref. I.F. Wright, D.R.0. Morrison, J.M. Ried, J.R. Atkinson Elem. Sym. A
1
Z

Proc. Phys. Soc. A 62, 77 (1956)

N 14 -

Metnod
23 MeV synchrotron; x-ray; Wilson cloud chamber; r chamber

56 Wr 1 BGF

Reaction E or AE
S
adE

T3
= ~ 0.02

MeV-b

P
23

!

= ~ 0.02
MeV-b

P
25
=0.1 MeV-mb

J tf Notes

N
14

(t,p)

pn)

*(7,«)

*
l
\y,<xx)

N
lif

(y,arp)

23

7

Statistics are not very good - only
about 10 events. Made measurements
at 19, 21 and 23 MeV. Lucite at

= 0.51, 1*63, 2.92 MeV checks

detailed balancing from (p,7 ).

(y,p and (7, pn) seem to follow
roughly shape of (7 , n) [Horsely et al

,

Can. J. Phys. *0, 159 (1952)].
Lower levels are known to p dipole.

Figure 9. Measured and inferred pnotonuciear cross sections in UN. For fuller descrrc
tion see text <§ 5). For clarity the width of the narrow resonances below 10-5 Me

.

has oeen increased, but the integrated cross section remains correct.

N.B. The techniques used to obtain the cross sections above 10 5 Mev were inca.

able of resolving levels such as those observed below this energy.
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.1*1. J I .*

D. L. Livesey
Can. J. of Physics 35

T

METHOD

987 (1957) N 14 7

REF NO.

57 Li 1 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XP SPC THR - 70 c 30,70 EMU-D 5-15 DST

FtG. 4. (A) Energy distribution of 800 proton tracks from nitrogen exposed to 30 Mev.
brerr?astraillung. (3) Distribution ol 384 tracks in 70 Mev. nitrogen plates.

SCALE

Fig. 5. Angular distributions of photoprotons from nitrogen. (A) Protons above 8.5
Mev. in 30 Mev. plates. (13) Protons between 5.0 and 8.5 Mev. in 30 Mev. plates. (C) Procons
between 2.0 and 8.6 Mev. in 70 Mev. plates.
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Ref. G. Cortini, C. Milone, R. Rinzivillo, C. Tribuno

Nuovo Cimento 188 (1958)
Elern. Sym.

N

Ref. No.

58 Co 2

14

Method Ennil sions

EH

Reaction E or AE crd E J* Notes

n
i4

(y,p)

^(Y^np)

Bremss

18

23

30

E = 7.54 MeV
th

E = 12.49 MeV
tri

o
90 spectrum.

Kifif. l. - Knenrjr spectrum of the photoprotons

from N'. nt MeV. J:i MeV’ and 30 MeV max-
imum onenry irradiations. .Vt f-.'p ) < arbitrary

units) = number of protons per unit energy

interval normalized to rhe wmc dose nnd other

experimental conditions. The scale (14/131

h'v f-7.54 is also reported.

U.S. DEPARTMENT OF COMMERCE
NATIONAL. BUREAU OPT STANDARD?
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Her.

G. M. Griffiths
Proc. Phys. Soc. (London) 72, 337 (1953) N 14 7

METHOO REF. NO.

58 Gr 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P LET 3 D 8 10N-D 0-2 API

Used 13
C(p,Y)

14
N at 554 keV resonance as source.

Ground state radiation width 10.5±0.6 ev.

HBS-418
tr. EV. 7-1 4.M)
LSCOVM.DC 2C010-P64

J.S. DEPARTMENT COMMERCE
MATIONaL eUREAUOF STANDARDS
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J. o'

Phys.

method

Connell, P. Dyal, J. Goldemberg
C.L cM. a T M. A *

Rev. 116, 173 (1959)
N 14- 7

REF. NO.

Betatron
59 Oc 1 NVB

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPl RANGE TYPE RANGE

G,2N RLI THR-100 C THR-100 ACT-

1

4-PI

REL T<j G. N

Table II. Relative integrated cross sections.

Element

Position
of the
peak for

(y.n) (r.2n)

Position
of the
peak for
(y,2n)

C“ 1 23 Mev 0.003 42 Mev
N» 1 24 Mev 0.007*

o» 1 22 Mev 0.002 40 Mev
F* 1 20 Mev 0.14 32 Mev
Na» 1 20 Mev 0.05 32 Mev
P*» 1 20 Mev 0.06 (7 ,

2 a)

0.08 (y,2pn)
45 Mev (y,2p)
.50 Mev (7 ,

2pn)

* The (r.») Integrated cron section was taken from reference 4.

MAXIMUM BETATRON ENERGY (MEV)

Fig. 1. The energy dependence
of several photonudear reactions.

The relative - yield scales of dif-

ferent graphs are independent.

form NBS-413
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D. Balfour, D.C. Menzies

Proc. Phys. Soc. J2, 5^3 (i960)

Page 1 of 2

N 14

METHOD
Synchrotron; proton, neutron relative cross section, spectra,

angular distribution; cloud chamber

REF. NO,

60 Ba 7 NVB

EXCITATION SOURCE DETECTOR
REACTION RESULT ENERGY TYPE RANGE TYPE RANGE

ANGLE

G,P RLX 0-200 c 200 CCH-D DST

G,XN RLX 0-200 G 200 CCH-D DST

G, PN RLI 0-200 G 200 CCH-D DST

Figure 2. The energy distribution

of the recoil nuclei from the

reaction l4N(y, p)
llC.

§ 6. Conclusion

Faun the experimental results, we conclude that

:

(j) The cross sections for the reactions 14N(y, p)
l3C and 14N(y, n)uN are

comparable, the relative values at any energy being shown in figure 13.

(ii) In the giant resonance, the emission of a single nucleon proceeds partly

by a direct channel, and partly by the statistical evaporation of a nucleon. At
energies greater than 30Mev the emission proceeds mainly by a direct channel,
and at all energies the results are consistent with the ratio of the two processes
predicted by Wilkinson (1956).

(iii) The integrated cross section for the reaction 14N(y,pn)12C is about
ju'/o greater than that for the emission of either a single neutron or a single
proton, for a spectrum of peak energy 200 Mev.

(xv
) The (y, pn) reaction appears to proceed either by a statistical or a knock-on

process. The results for protons stopping within the sensitive volume of the
chamber favour the statistical model and suggest that most of the observed events
result from the absorption of a low energy (~ 20 Mev) photon.

(v) No evidence was found to suggest that many of the observed events could
i>e satisfactorily explained by the quasi-deuteron modeh

Relative Integrated Cross Section

Group Reaction Number Relative number

(ii) uN(y, n)12N 627 1-18

(iii) (a) 14N(y, p)
13C 528 1-00

(iii) (6)
14N (y, pn)12C 786 1-49

(“0(4 14N (y, a)
10B 28 0-05

(y>*n)

etc

T—

f

——I

Angle (dtg)

Figure 5. Angular distributions of protons from the (y, p) reaction: 1, protons of energy
less than 12 Mev—the distribution is fitted with the line /(#)=» 22, and the experi-
mental points are plotted as a cross within a circle; 2, protons of energy between
12 Mev and 20 Mev—the distribution is fitted with the curve 4+17 sin1 6

,
and the

experimental points are plotted with a large spot; 3, protons of energy greater than
20 Mev—the distribution is fitted with the curve 1*25 + 7-4 sin1 6 and the experimental
points are plotted with a small point within a circle. 37

recoil nuclei from the reaction 14N(y, a)“N.

U.S. DEPARTMENT CF COMMERCE
NATIONAL BUREAUOF STANDARDS

1



PAGE 2 of 2

N 14

METHOD REF. HO.

60 3a 7

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

Figure 8. Angular distributions of recoils from the (y, n) reaction: 1 , recoils of energy less

than 1 Mev—the distribution is fitted with the curve 40(1+ sin* 0) and the experi-

mental points are plotted with a cross within a circle; 2, recoils of energy between
1 Mev and 2 Mev—-the distribution is fitted with the curve IS + 25 sin* 9, and the
experimental points arc plotted with a large spot; 3, recoils of energy greater than
2 Mev—the distribution is fined with the curve 26 sin’ 9, and the experimental points
are plotted with a spot within a circle.

Figure 13. The relative cross sections for the

resetions l*N(y, p)
lJC and l4N(y,n)uN.

r.r (mw) /, (ikf)

Figure 9. Figure 10.

Figure 9. The energy distribution of the recoil nuclei from the reaction uN(y, pn)uC.

Figure 12. The angular distributions of recoils and protons from (y, pn) events, with
respect to the direction of the photon beam.
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USCOMM-OC 18S38-P93

PHOTONUCLEAR DATA SHEET 39

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



Ref
- 1.9. rut, ?.JL Flours*?, t.1. Tiokl*, U.D. Vhttmbmad

Elem. Svm. A z

H*y». 3*r. 535 (i960)

N 14 7

Method

TO )Wf ^yahrtxcu; 3 ?, ctr».

Ref. No.

60 r« 1 J1

Reaction E or AE Notes

(7>«0 13.5-60.

"25

' 15.5 MeV-birns (f (22.5 MeV) = 14.5 mb
IQOLA

FORM NBS-4]S
(3-1-03)
USCOMM-CC 18850-P03

PH0T0NUCLEAR DATA SHEET 4Q

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



Ref. K.N. Geller
Phys. Rev. 120. 214-7 (i960)

Elem. Sym.

Ref. No.

14

Method
Bremss; second-difference analysis; radioactivity 60 Ge 1 JHH

Reactioo E or AE <7d E J * Notes

N
l4

(y,n)
E
t

- ir. 10.58
10.81

11.07

Mostly an application of analysis
method. Data (IO.58 and 10.07 MeV
resonances) in agreement with known
levels.

Abscissa in Figure 2 should be
labeled E(MeV) instead of E(kev).

10.70 11.10 1L3010.90
E (Xev

)

..
l io. 2. Zero-order cross section for the reaction y»(7jff)\u

near threshold. Baseline arrows indicate energy assignments of
known levels and horizontal bars the level widths, where known.
Correspondence between leveis observed in the present experiment
with known levels indicated by dashed line.

form NBS-418
(8-1-S3I
USCOMM-OC 18SSB-PS3

u.s. department of commerce
NATIONAL BUREAU OF STANDARDS

PHOTQNUCLEAR DATA SHEET 41



U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARO*-ORM NSS-413

IB-I-03)
JSCOMM-DC le3?«-P03

PHOTONUCLEAR DATA SHEET 42



Re f.
D.F. Hebbard, J.L. Vogl Elem. Sym. A z
Nuclear ?hys. 21, 652 (i960 )

N 14- 7

Method
600 kev electrostatic generator; Nal

Ref. No.

60 He 2 JHH

Reaction

C
1::

(p,Y)N
l4i

E or A E

130-4-50

kev
448. 5±.

5

kev
< 4-00 ev

a d E J t Notes

14-s
(level in N = 7*966 MeV

Resonant 7 ray yield, width and
angular distribution data in Tables
1 and 2.

j

I

I

Fig. 8. The cross section (or radiative rapture of protons by C‘\ with emission of the ground-state
ed.-nma rav. is <hown. The target was 9.0 keV thick for 448-keV protons, and was enriched to

hi °:. C* Typical ermo, due to counting statistics, are shown at intervals along the curve. Tho
-.olid curve of this figure is derived from the solid curve in fig. 9 where an explanation will be found.

Tabljs 1

Resonant gamma ray yields and widths

Transiuon from the 7.97-MeV level to the

j

ground state 3.95-MeV state
l

other states *)

Yield 10-,a yip
|

(61 % C 1*) 1

9.7 ± 0.5 79 —0.5
1

^ 0.5

'JifoTy
j—P^lsV) 1 0.012 0.010 <i 0.0005

•) The cascades to the 2.31-MeV state. -5. 10-MeV state and 5.08-MeV state may ail be weaklv
resonant at 448-keV proton energy. Only an upper limit to the strength of this cascade radiation

can be given.

Table 2

Resonant gamma-rav angular distributions *)

7 97-MeV level to
|

Angular distribution

ground state Pg -10.570^.0.0201^,-10.004^0 03) Pt

3.95-MeV state Pg — fO.33 —0.03)P,

•) The non-resonant distributions from the close neighbourhood of the 448-keV resonance were
found to be isotropic, within experimental errors. Neither for resonant nor for noa-resonant
radiations were any odd-order Legendre polynomial coefficients observed. The tabulated
distributions have been corrected for the finite solid angle of the detector.

*) The angular distribution of gamma rays to the 3 95-.MeV state was analvred only for P, and P
terms. The subtractions necessarv to eliminate the ground state radiation make the calculation
of a Pj (cos Q) term of doubtful value

FORM NBS-4
(3-l-*>3)
U SCOMM-O

C

18

9556-P53

PH0T0NUCLEAR DATASHEET 43

J.S. department of commerce
NATIONAL BUREAU OF STANDARDS



J.S. DEPARTMENT CF COMMERCE
NATIONAL BUREAL OP STANCAROS

fo rm NBS-418

LSCO;v1M-CC 1855Q*P63

PHCTONUCLEAR DATA SHEET 44



A.P. Komar, Ya. Krzhemenek, I.P. lavor
Dokl. Akad. Nauk SSSR 131, 283 (i960 ); Soviet Phys.

Doklady 295 ( 19^1)

Synchrotron; proton, n-p spectra, cross section;

angular distribution; He(y, p) monitor

14

cloud chamber;
REF. NO.

60 Ko 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPS RANOE TYPE RANGE

G,P ABI 0O'1o C 00 CCH-D 2-40 DST

G.NP 5 PC 0O'1o C 00 CCH-D 2-17
DST

*

15
T
max (y p)

at = MeV
>

assumes G J left in 3.6 MeV state.

PROTON SPECTRUM

90

I °(.y, p )

iE m °-°T MeV-b

0

90
' a dE = 0.3 MeV-b

In Figure 2, for (y, p):

0.4 £ E
p

<; 50 MeV, W(0) =1+1.3 sin
2 9+0.16 cos 9

E
p
> 10 MeV, W(0) =1+2 sin

2
0 + 0.25 cos 9

for (Y> nP )

:

form NBS-418
IR EV. 7-1 4-64)
U3COMM-DC 2G010-PC4 PHOTONOCLEAR DATA SHEET 45

u.s r
NATION

ARl MtN T COMMERCE
b-rr;-. of standards



N. Mutsuro, X. Sato, M.

J. Ptays. Soc. Japan 15,

METHOD

Mishina

358 (i960 )

7

REF. NO.

Betatron; neutron yield; radioactivity

REACTtON RESULT
EXCITATION
. ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G, N RLY THR-20 C 15-20 ACT-

1

4PI

(lk.7-19.5)

In Figure 2, cross section is based on previous work BREAKS
(Mutsuro et al. J. Phys. Soc. Japan jA, 1^57 (1959)]
plus assumption that all resonances have same width.

Fig. 1. Activation Curve of Nu{r, r.)Nu above
14.70 MeV- Fig. 2. Cross Section of n)iP*.

FORM NBS-418
(REV. 7-14~*4)
USCOMMoOC 2A0 1 0« PC 4 PHOTONUCLEAR DATA SHEET 46

U.S. OSPARTMENTCF COMMERCE
national bureau of standards



J. M. Reid and B. Lalovic
Proc. Phys. Soc. (London) 76, 65 (i960) N 14 7

METHOD REF NO.

60 Re 2 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.XP C 330 CCH 4PI

166 events (y,p) (y>Pn ). Recorded only events where proton with 20£ E £120 MeV was emitted.

form NBS-418
(REV. 7.14-84)
USC OMM»OC 26010--P34 PHOTONUCLEAR DATA SHEET 47

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



Ret. H.J. Rose

Nuclear Phys. !£, 113 (i960)

Elem. Sym. A

N 14

Ret. No.

60 Ro 1

Method Van de Graaff; 3 crystal Nal spectrometer

JHH

Reaction E ot IE ad E J ft Notes

(P,Y) 1.75 1.75 E, = 9.17 MeV:
Yo o

U) (0 )
= 1 - (O. 55±0 « 02 ) cos~0

Fik , 1 .
The .irav ,in<-me of the N‘ 4 9. 1 7-MeV level a* determined in the present work Only th«

levels invoked in the decay of the 9. 1 7-MeV level are >iiown. The spin and parity assignment* *rs

liscj-»ird in the c.-xr. Broken arrows denote uncertain transitions

U.S. OEFARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS

FO RM N BS-41 8
I8-1-43)
USCOMVi-OC t 85? 53

PHGTONUCLEAR DATASHEET 48



Elem. Sym.

N 14

Ref. No.

60 Ro 2 JHH

Ref. H.J. Rose, R. Riess, W. Trost

Nuclear Phys. 21, 367 (i960 )

Method
5.5 MeV Van de Graaff; Nal.

Reaction

(p,y)

E or AE

1.75-

3.25

3.11

1.75

17 ev

dE J T Notes

E = 10.43 MeV:
yo

(9 ) = 1 + a, cost© + a_ cosS
' y' 1 2

where a^ and are given in

un

tot

Table 2 and Figure 2.

= 36 kev.

Eryo = 9.17 MeV:

a)(0 )
= 1 - (0.55±0.02) cos

2
0

Fig. 1. The C l*(p. y) excitation functions as obtained with a 5 iceV thick, 60 % ennched C‘* target.

A detailed explanation of this figure is given in sect. 3.

I

FORM NBS-41®
( 0-1 -33 )

USC OMM-OC 18B50"P«3

Table 2

The coefficients al and a, of the angular distribution W{6) = 1 4-a
t
cos6+a, cos*d of the 10 43-

MeV gamma rays at different proton bombarding energies.

Measurement •)

Bombarding
energy

(MeV)
«t

(a) 3.01 -f- (0.32-0.10) -(0.29-0.10)
(b) 3.07 -r (0.15 ±0.03) — (0.41 -1-0.03)

(c) 3.09 + (0.0S±0.06) -(0.40-^0.10)
(d) 3.11 4* (0.03— 0.03) 6

) -(0.50-0 03 1
6

)

4- (0.02^0.02) c
) -(0.47-0.03) e

)

4- (0.03^0.03) a
) — (0.+7-0.OS) <)

(e) 3.135 -(0.10±0.04) -(0.4G±0.08)

With the exception of measurement (d) the errors quoted are due mainly to counting statistics and
were evaluated using three standard deviations as uncertainty in a single determination. In
measurement (d) the errors are least squares errors.

•) Compare tig. 1.

fc

) The values have been re-evaluated from the data displayed in ref. •) in order to check on a
possible cos 0 term.

*) Obtained with 45 keV thick target.
4

) Obtained with a 5 keV thick target from measurements at 0° 90 3 and 140°.

> 1 • » iv) = i -r-o, cos u+fl. cos'd as
determined from the experiments described ,o sect. 3. The solid line gives the theoretical fit
assuming interference between the 10.43-MeV state and background due to the 8.00-MeV level The
curve was calculated using the formulae of the appendix. The values of the narameters cho on for
this calculation are given in the text. The broken line is obtained using a s-tvave phase shift 18*
larger tnan the one calculated with ft = 4.7 x 10-> cm from the hard sphere scattering condition.
Thi s slight increase of che s-wave phase shift is suggested by comparison of the hard sphere pnasea

with the pnases used by Zipov el at. to fit the C ,s
(o. piC'» oara.

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF 3T A N O A R D S

PH0T0NUCLEAR DATA SHEET 49



METHOD

D. Sadeh

Corapt. Rend. 250, 1652 (i960)
14

Betatron; neutron yield; activity; ion chamber

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANCLE

TYPE RANGE TYPE RANGE

G,N RLY 10 - 15 c 10-15 ACT-

1

4PI

Breaks in activation curve:

10.77 MeV

11.01 MeV

11.52 MeV

11.47 MeV

12. 04 MeV

12.22 MeV

12.56 MeV

12.30 MeV

form HBS-418
(REV. 7-5 4-3*1
USO^OC 2601 P'S3 PHOTOHUCLEAR DATA SHEET 50

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



I. Wahl strom, B. Forkman
Arkiv Fysik 18 , 83 (i960)

c. l_ c.M. j • m.

N 14

METHOD
Synchrotron; proton spectrum; cross section; angular distribution;

nuclear emulsion

REF. HO.

60 Wa 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPt RANQK TYPE RANGE

G,P SPC 8-16 C 12,16 EMU-D DST

( 11 , 5 , 15 . 5 )

In figure 4
,

In figure 5 ,

levels at 11.8, 13-0, 15.2.

W(0) = 1 - (0.6±1) cos
2
0

Fig. 3. The proton distribution from the 15.5 Mev irradiation. The energy-scale gives the sum of
iho proton energy and the recoil energy of C' 3

. In Fig. 3o the background is shaded and in Fig. 36
the background is subtracted.

Fig. 2. The proton distribution from the 11.5 Mev ir-

radiation. The energy scale gives the sum of the proton
energy and the recoil energy of Cu . In Fig. 2a the back-
ground is shaded and in Fig. 26 the background is sub-
tracted.

form NBS-418
(REV. 7-14.041
USCOMM-DC Z0010-PO4 PHOTONUCLEAR DATA SHEET 51

U.S. DEPARTMENT OF COMMERCE
NATIONAL SUREAL' OF STANDARDS



P A (3 E 2
14

METHOD REF. NO.

60 Wa 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

4.3 - 5.3 MeV

Cro**- section -millibarns

8Chem*
-
0
!
the^photo-dUmtegration of X>*. The cross-section curve is plotted tothe left. The energies o: the observed resonances from the (y, n) measurements are indicated,

lhe dottea curve shows the (y, n) cross-section from [29].

hi. J. D. King, It. X. H. Ha'slaji and R. W. Pahsons, Can. J. Phys. 33. 231 (1960).

Fig. 5. The angular distribution of the protons from
the energy interval 4.8—.3.9 Mev.

form N8S-418
(R EV. 7-1 4-441
USCOMM-OC 2C01C-P64 PH0T0NUCLEAR DATA SHEET 52

J.S. DEPARTMENT OF COMMERCE
NATIONAL. BUREAU OF STANCAROS



Ref R.E. Hester, W.A.S. Lamb

Phys. Rev. 121
, 584 (1961)

Elem. Sym.

N

Ref. No.

14

Method protons from high-current ion injector; reaction with 1.1$ natural
abundance of C

1 ^ in graphite target; Nal 61 He 1 JHH

Reaction E or AE dE J * Notes

(p,y) 100-140
kev

Photon Energy = 7*65 MeV.

E
yQi

eY ).

100 ( 7 . 7±l. 8 )x 10“

129 (5.8±i)x lo"55

140 (9. 8+1. 2) x lo

cm

cm
2

5cm
S

Fig. 5. Excitation curve for the 7.65-Mev gamma
ray, calculated from Eq. (3).

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROS

form NBS-418
(8-1-83)
USCOMM-OC 183S8-P63

PHOTONUCLEAR DATA SHEET 53



H. H. Knitter and H. Waffler
Proc. Ruth. Int. Conf. Manchester 323 ( 1961

)

C.U C.WI. J •

N 14

METHOD REF. NO.

6l Kn 1 JDM

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYP1 RANGE TYPE RANGE

D,G ABX 10-12 D 0-2 THR-

1

4P1

a «s 0.6 ± 0.2 jib for 1 MeV deuterons.

FORM HBS-418
:R EV. 7-1 4- 04)
USCOMM-OC 28 010- P6 4 PHOTONUCLEAR DATA SHEET 54

U.S. DEPARTMENT CF COMMERCE
NATION*!. auREAU OF STANDARDS



USCOMM-OC 1 8556-PS3

PHOTONIJCLEAR DATA SHEET 55



C.P. Swann, V.K. Rasmussen, F.R. Metzger
Phys. Rev. 121, 2k2 (I96 I)

STM. A

N 14

Van de Graaf; photon scattering; Nal spectrometer
REP. NO.

61 Sw 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

T Y PI RAN GC

GfG 2 D 2 NAI-D DST

(2.31) (2.31)

LIFETIME

Mean life of first excited state:

T = (7.3±1.8) lO"
1^ sec.

form HBS-418
IREV. 7-14-64)
use OMM-DC 2001 0-P64 PHOTONUCLZAR DATA SHEET 56

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF 3T ANDAROS



’•:f* R.D. Edge, G.A. Peterson
Phys. Rev. 128, 2750 (1962)

Elem. Sym.

IN ik

Method
Linac; counter telescope

62 Ed 1 BG

Reaction E or AE r(ev) ^odE(MeV-mb) )tr Notea

) 41-5 9.2

10.5

0 . 65 ±0.2

1.2±0.36

Nuclear states excited by 180
electron scattering; Ml transitions
assumed.

Inelastic electron scattering cross
sections obtained by comparing in-
elastic peaks to e-p eleastic
scattering peak.

ry
from virtual photon theory.

Limits not given for cross sections.

Tanu L Parameters oi nuclear states excited by 180* electron scattering, assuming transitions are Jfl.

Isotope

Excitation
energy, k

uMeV)

Spin and parity

Ground Exdted
state state

/, U

Inelastic croea

section

iaiidSi

(
10"aera's.—1

)

f<t-.dk.

(MeV-mb)

Percentage
experimental

error

Ground-*

This
experiment

(Ate radiation w

Weisskopf

idtha, rT,(eV)

Other
experiments

Be* 2.4 3/2" 5 2" 1.3 0.12 15 0.12 0.30 0.13-
U.7 3-2“ 1/2“ 0.042 0.3 50 56 67

3/2-
5/2-

18

12

B'» 7.9 3" 2* 1.9 0.75 20 17 10 9.5J*

3” 12
4” 10

11.8 3* 2” 1.2 0.75 50 39 54
3” 28
4* 22

14.0 3” 2* 0.6 0.5 50 34 58

3+ 24
4” 15

B' 1
2.1 3/2“ 1/2- 0.72 0.72 20 0.17 0.21 0.15*

4.4 3/2- 5/r 1.5 0.34 40 1.1 l.S 0.602*
4.9 3/2- 3/2- 2.4 0.59 40 3.7 2.5
7.3 3/2- 5/2- 0.4 0.12 50 1.0 8.1
9.1J 3/2- 7/2” 1.9 00097 20 0.10 4X10-* 0.1*
12.9 3/2" 1/2- 1.4 1.0 30 70 45

3/2- 36
5/2" 24

Cu 15.1 0” l” 1.82 1.95 10 39 73 40\ 54.5 r

,
59.2«

N'« 9.2 1” 0” 1.3 06S 30 43 17

l” 14

9
10.5 r 0* t.9 1 2 30 1U0 24

l” 34
2” 20

0“ N’o resonances delected below 16 MeV.

Si** 11.6 o* l” 3.5 2.8 40 33 33 47*. 6Sk

• W. C. Barber. F. Berthold. C». rncke. and F. E. Oudden. Phys. Rev. 120. 2081 (I960).
*> G. Fneke (orivate communications).
• F R Merrier. P. Swann, and V. K. Raimurarn. Phy«. Rev. ttO. 906 <|OSS).
• This transition 11 uaimM to be M2.
• L. .Mever-schUtHnemer and S. S Manna. Bull. Am. Phys. Soc. i. 18* (1958).
' E. Mavanrd and K. Fuller. Phvs. Rr* to*. •») (|9J7).
• E. L. Garwin. Phvs. Kev. 114. It.) (i'*S9).

V. B. Or Nercy. thews. (Jaivermtv of Pans. iV-my Outer. 1901 funoabti«hed).

ro am NBS°418

JSC3MM-Oe. ISSBSo^SS

U J. OEF-ARTMENT OF COMMERCE
NATIONAL SUSSAU OF STAN OAF OS

PHOTONUCLEAR DATA SHEET 57
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R
' A.P. Komar, Ya. Krzhemenek, I.P. Yavor

Nuclear Phys. 54 , 551 ( 1962 )

Page 1 of 2

Elem. Sym.

N l4

Method
90 MeV synchrotron; cloud chamber with magnetic field; also use of

recoil nuclei ranges

Ref. No.

62 KO 2 JHH

Reaction dE J rr Notes

(y,p) Bremss,

90

>12 MeV 76 MeV-mb

Cy> n )

(y^ np)

(Y,5«pn)

49±5 MeV-mb

110±7 MeV-mb

TOTAL: 550-20 MeV-mb

' e1/

30 .

iC 1 Joc/LJ

Ll

'5 :

f

if
<0 i -1

atnet stats

I I i ~
« t~t
< 1

-
:

b
s/2\

>/e-t

,V‘*

1 i

“u
1

J vkid
C'*

Fit». >. Scheme >f principal channels ami probabilities <»f nitrogen photmlisintegrution. The
dot-and-dash levels are calculated according to the Nilsson scheme 14

» ./W, = 23 MeS' <> = <n

fee f. 24: 5.G. Nils

/id. Sels

3 on, Mat.

c. 22, No.

I ys Medd. Dan.

1 (1955)

w(0
p

)

W(0
p

)

w(e )
p

w<®„)

W(s
n )

isotropic, E^= 0.5-6 MeV

1+1.9 sin
2
^, E

p
= 6-16 MeV

2
1+1.1 sin 0 +0.5 cos0 ,

P P

E = > 16 MeV
P

isotropic, E^ 2 12 MeV

1+1.5 sin
2
0 ,

E > 12 MeV
rr n

"large yield"

Fig. 2. Excitation function of (y, p) reaction.

Table l

Relative yields and energy thresholds of the photonuclear reactions on nitrogen

Reaction Threshold MeV) Yield ('\.i

(y pi 7.6 28

(7. nj lu u 16

17 . a) 11.6 2

(7. pnl 12.5 35
17. *p» 18.2 3

(7. 2apn) 19.8 11

17. 2p) 25.1 2

(7. 2xj 16 l 2

Others 1

F igure s continued on Sheet

form NBS-418
( 8 - 1 -63 )

USCOMM-DC 18556-P63

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS

PHOTONUCLEAR DATA SHEET 59



Ref; A.P. Komar, Ya. Krzhemenk, I.P. Yavor

Nuclear Phys. 5^, 551 (1962)

clem. Sym. A Z

Page 2 of 2
N 14 7

Method Ref. No.

62 Ko 2 JHH

Re i

JO* /80

•

Fig. 4. Angular distributions of (y, p) protons.

2D
T ,

'

r flM-i
rU

|

1

1 1

r

-L,
1

r

/ /

1

**

17 1

Fig. 10. Probability for different values
of Fn/F5 for (y, np) reaction.

d<3 mS
<7.4! 'zrjr

jo 0 go0 9o0 -jn

Fig. 7. Angular distributions of (y, n) neutrons..

nc° 'SO' -j-p

i. ig. 11. Anguiar distributions of neutrons and
^protons of (y. np) reaction with £„ > £

£- neiJ

~o rm NBS-418
f 9» * -8 2}
J5CCMM-DC 18556-P«33

* Fig- 9. Energy spectrum of neutrons and protons

of (y, np; reaction.

PHOTONUCLEAR DATA SHEET 60

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



METHOO

W.T. Morton, T.G. Walker
Phil. Mag. I, 7k 1 (1962)

14

REF. NO.

Synchrotron; p and or cross section; nuclear emulsion
62 Mo 2 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G, PA ABI 18-120 C 120 EMU-D kPi

r
l20

adE = 2.5±0.5 MeV-mb
J
o

Fig. 2

Energy depcndenco of {y, p+ a) reactions in 1JC, 14N and lc0.

form NBS-418
(REV. 7-1 4-841
USC OMM-DC 28010-P84 PHOTONUCLEAR DATA SHEET 61

U.S. DEPARTMENT OF COMMERCE
NATIONAL. SUREAUOF STANDARDS



-opm N OS-4 18
( 3 - 1 -53 )

USCOMM-OC 18556-P53

PHOTONUCLEAR DATA SHEET 62

U.S. DEPARTMENT OF COMMERCE
NATIONAL 3URSAU OR STANDARDS



E. Finckh, R. Kosiek, K.H. Lindenberger, K. Maier,

U. Meyer-Berkhout, M. Sctiechter, J„ Zimmerer

Z. Physik 124, 337 (1963)

c.L C.M. o r M.

N 14

METHOO
Betatron; proton spectrum, cross section; Csl spectrometer

REF. NO.

63 Fi 4 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR

TYPE RANGE TYPE RANGE
ANGLE

G, XP SPC 0-31 G 31 SCI-D 2-20 90

Maxima: E
P

2.7±0.15 MeV

7.1 MeV

10.2 MeV

= 13.2 MeV

JadE = 1.6+0. 8 MeV-mb, assuming ground state transition only.

Fig. 4. Energieverteilung der Photoprotonen aus N 14
,
au3 zwei Messungen bei Ep= 7,6 MeV zusammengeseUt,

(Das Histogramm stellt die auf Energieverlust korrigierten MeBwerte dar, die ausgezogene Kurve wurde nacb

einem Mittelungsverfahren gewonnen.) Nahere Erlauterungen im Text

form NBS-418
(REV. 7-1 4-04)
USCOMM-OC 26010-P04 PHOTONUCLEAX DATA SHEET 63

U.3. DEPARTMENT OF COMMERCE
NATIONAL. BUREAU OF STANDARDS



H. Fuchs
Z. Physik JJ1, 4-16 (1963)

METHOD
Betatron; neutron spectrum,

ion chamber

cross section; Stilhene scintillator;

REACTION RESULT EXCITATION
ENEROY

SOURCE DETECTOR
ANGLE

TYPE HANOI

G.XN SPC 10-30 c 31 SCI-D 3-20 90

(v (2.5-20)

In spectrum, maxima at:

E = 3c 9 MeV
n

=6.5 MeV

= 11 MeV

» 20 10 £r
Fig. 2 a u. b. Eoergieverteiiung der Fhotoneutmaea aua N14 unter
90* bei E, — 30, S MeV. a Histogrr.mm : Frgebois dieser Arbeit. Au*-
gexogene Kurve: Aus dem Wirkuagsqu«ncbmtt tilr NM(y,

berecbnetet NVatrocenspektrum. S&jaero Eriluterung im Text,

b Spektmm von 2,5 bia 6,5 MeV in feinerer Kanalemteiiung

FORM NBS-418
(REV. 7-1*- 64

1

U3CCMM.DC 2601 O* P44 PH0T0NUC3LEAR DATA SHEET 64
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Ref. F.W. Prosser, Jr., R.W. Krone, J.J. Singh
Phys. Rev. 129. 1716 ( 1963 )

kletn. Sym. A

N 14

Ref. No.

63 Pr 1

Method
Van de Graaff; Nal

JHH

Reaction E or AE ad E J * Notes

(P,7) 1.75 9.17 8.7 ev

(r
Y

)

ISL
G«*p

AJ2Z

1043 2+.I

_3JZ 2+A.

1C

7.03

4

0
.4

1

1

4

1

2+,9

6.44 3tt9

2,?l

(I 1 >o» 7 5

9+i |

0 L_ KO

N*

Figur
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those
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100
those
ed on
are g
other

12> U
have

3 : Ener
levels r

.ire inclu
:he 9.17
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from 6.

a total
4f-

ven in p
states,

3 (I960)
not been

level
2levant
led. Inte

ieV state

ansit ion
and 7

3f 100.

arenthese
iiscussec
and refe

shown

C3

diagram of
o the pre
nsities of
are norm,

to the gr

MeV stat{

Tentative
s. Transit
by Rose
rences git

Ik
N . Only

^ent discus-
the 7 rays

dlized to

c und state;

es are bas-
assignments
ions to

[[Nuclear Phys.
en there].

W(0) = l+(-0.44±0.0l)Po (cos9)

Table III. Best values of amplitude ratios. Set A was caicul&tec

with the angular correlation data included ; set B was not. Values

obtained by others have been included for comparison.

Transition

and mixing
considered Set A

Amplitude ratio

Set B Previous work

Formation of

compound
state. Up

-0.43 ±0.18 -0.70 ±0.26 +0J <i < +0.8*

1.17 to ground
state. £2/Ml

+0.01 ±0.02 -0.005 ±0.020 -0.02 <J <0»

" to ground
state. £2 /Ml

-0.65 ±0.15 -0.60 ±0.10 +0.13 <i<+3_5

See reference 10.
b See reference 5. While neither Rose nor Segel el al. state the phase con

vention used in deducing the relative signs of the amplitudes, the agreemen
01 (he data and the magnitude of the amplitude ratios suggests that thet
computations were made without the Huby correction.

Ref if): Segel at al . Phys. Rev. 123.

igUTTSfrf
Ref 5 Rose, Nuclear Phys. 22, 113(1960

form NBS-418
(8» 1 -6 3)
U5COMM-DC 18BB6-P63

PH0T0NUCLEAR DATA SHEET 65

U.S. DEPARTMENT OF COMMERCE
NATIONAL SURE AU OF STANCAFT



G. R. Bishop, M. Bernheim and P.

Noel. Phys. 2A, 353-68 (1964)

METHOD

• Linac, Faraday cup or SEM

Kossanyi- Deraay
c.» t.m. a •

[Page L of 3] N 14

REF. NO.

64 Bi 1 JOC

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E ABX 0 D 120,180 MAG-D DST

E,E/ ABX 0-8 D 120,180 MAG-D DST

FORM FACTORS

Table 1

Experimental elastic and inelastic cross sections in units of 10
-** cm*/sr

Incident

energy

(MeV)

Scattering

angle

(deg)

Elastic 131 MeV 3.95 MeV 5.10 MeV 5.83 MeV 7.03 MeV 8.0 MeV

180.5 50 5480 ±220 31J 24 ±1.4 10 ±2 11 ±2 18 ±6

180.3 60 1500 ±110 2 ±1 17 ±1.7 7.2 ±0.7 11.3 ±1.2 12 ± 1.6 4.0 ±1.0

179.7 70 401 ± 25 1.45 ±0.6 8.3 ±1.0 5.9 ±0.6 7.4 ±0.8 8.3 ±1.1

181.1 80 98 ± 10 0.45 ±0.25 3.7 ±0.9 4.2 ±0.8 4.9 ±0.5 3.3 ±1.0 0.90±0.15

183.5 SO 25.3 ± 2.3 0.31 ±0.20 1 9
+<U

i s -0.6

4-0.3
2.3

'

-0.4 3 1

+<U
-*- 1 -0.4

179.7 100 6.8 ± 0.5 0.39±0.14 1.3 ±0.2 1.3 ±0.2 2.2 ±0.25 1.2 ±0.2 0.38 ±0.08

179.0 110 1 .88± 0.11 0.21 ±0.08 0.61 ±0.07 0.59±0.07 1.22±0.24 0.60±0.20 0.20±0.03

181.1 120 0.42± 0.04 0.14±0.08 0.38 ±0.04 0.34±0.04 0.71 ±0.08 0.34±0.04 0.13±0.03

120.7 120 55 ± 5 0.73±0.15 1.4 ±0.16 o.85±aio 1.2 ±0.2

Fig. 1. The elastic form factor derived from the data of table 1, plotted as a function of momentum

P transfer. For comparison the full curve corresponds to the expression F(q) = (1—0.3308 <j‘)

55 exp(—0.7518 ?*).

FORM NBS-418
< R EV. 7-1 A-SAI
JSC OMM.DC 280I0-P64



G. R. Bishop, M. Bernheim and P. Kossanyi- Demay
Nucl . Phys. £4, 353-68 (1964) N 14 7

method

Linac, Faraday cup or SEM [ Page 2 of 3]

REF. NO.

64 Bi 1 JOG

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

Scattering angles*

Fig. 2. The cross section for inelastic electron scattering with excitation of the level at 2.312 MeV,
(J » 0+ , T = 1 ). The full line corresponds to the calculated cross section using the wave function

described in the text.

Fig 3. The inelastic form factor for excitation of the level at 3.943 MeV. The full curve corresponds

to the radial integral <lp|./,(gr)|lp> and the dashed curve to the radial integral <lp|v,(gr)|lf>.

Fig 4. The inelastic form factor for excitation of the level at 3.10 MeV. The full curve corresponds to

the radial integral <lp|y'J (i?r)| ld>.

form NBS-418
IR EV. 7-1 4.64)
U3COMM.DC 2S0I0.P44 PHOTONUCLEAR DATA SHEET 67

U.S. DEPARTMENT OF COMMERCE
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G. R. Bishop, M. Bernheitn and p. Kossanyi- Deraay

Nucl. Phys. 2A, 353-68 ( L9b4)

METHOD

Linac, Faraday cup or SEM

Fig. 5. The inelastic iota lacw fo» tsiritrian oi the ls*el at 5-83 MoV.

The foil cam correspond* (o lb* cadial integral ClPtA^lt'd)-

[ Page 3 of 3]

REF. NO.

64 Bl 1 JOC

SOURCE DETECTOR

Fig. 6. The inelMmiorm factor for excitation of the ievei17.03 M*V

.

The full curve correspond* to the radial mtegrai <rptM<7'/*It>%

curve markedA corresponds to the longitudinal

El component, whilst the curve marked B

corresponds to the transverse El component,

each evaluated for the configuration

(lp*2a$)/»i — OPl)V-l-

Fig. 3. The cross section for inelastic scattering _

with excitation of tho level at 3.0 MeV . Curve

A corresponds to the longitudinal El compo-

nent, curve B to the transverse El component,

and curve C to the M2 component each for the

configuration — t
-* UPl)\r«t"

FORM NBS-418
is ev. 7-i A-eii
JSCOMM.OC rsoic-p«4 PHOTONUCLEAR DATA SHEET 68

J.S. DEPARTMENT OF COMMERCE
NATIONAL BUREALOP STANDARDS



«6K. E. C. Booth, B. Chasan and K. A. Wright

Nucl. Phys. 57, 403-420 (1964)
EL EM. SYM.

N 14

METHOO

Van de Graaff; resonance fluorescence

REF. NO.

64 Bo 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RAN 51 TYPE PAN8I

G,G LFT 1-3 C 1-3 NAI-D 100

(0.5 - 3.0) (0.5 - 3.0!

ABI

Nucleus State

multipol. (MeV)
Spin rjr

Tablb 1

Cases of observed resonance fluorescence

(sec).

Mean lifetime T
BCW
(sec)

Mean lifetime T
other Ref.

(sec)

r0/rw
BCW

N“ 0.00 0+

M1 ‘) 2.31 1+ 1 22±8xlO-** 9.7±3xl0-'‘ 7.3± 1.8 x IQ-' 4 •) 2.8 x 1Q-*

form N3S-418
(R EV. 7-1 4-64)

USCOMM-NBS-OC PHOTONUCLEAR DATA SHEET
U.S. DEPARTMENT OF COMMERCE

NATIONAL BUREAU OF STANDARDS



Ntr.

R. Kosiek, 1C. Maier and K. Schliipmann

Phys. Letters 260 (1964) 14

METHOD

Betatron ;
Csl scintillator; ion chamber monitor 64 Ko 1 JOC

REACTION RESULT
EXCITATION
ENERGY

OETECTOR
ANGLE

G,XP SPC THR - 31 15-31 SCI-D 2-22 3£l

ABX

Fig. la-f. Energieverteilung dsr Phoioprotcnen aus N-4 bei verschiedenen Ecdenergien E0 des
Sremaspektrums . Die Kistogramme stellen die aui Energieverluat korrigierten Measwerte dar,
die ausgezogenen Kurven wurden nach eiaem Mittelungaverfahren 4

) gewonnen Fig. If zeigt

zwei unanhflnglge Mesaungen.

"in 'cal

'° 12 U ,S ’* » « * 2S X JO cfrHrVl

~nr<T-*9*f*fVT* 4es N^Kerrws

clg. 2a. HiStogramra: ( ) Wirkungsquerschnitt ftr
Gnmdzu3tandsdberg2nge beta Prozesa N

I

4
* (y ,

-jj c Der
Fenler la dan Abaolutwerten wurda auf = 20% abge-
achdtzr. b. Histogram (

) Ergebnia der Messucgen
von WahlstrOm und Forkman 6). o. Kurve: Wirkung3 -
querscbnitt fllr GrundzustaadsUbergange beim (y, a)-
Prozess am N14 nach King et al. n . xahere Eri’aute-

rungen im Text.

REV. 7-1 4-441
JSCCMM-OC 26010-P64 PHOTONUCLEAR DATA SHEET 70

rMENT OF COMMERCE
REAUOF ST ANGARD3



14

REF. NO.

64 To 2 JOC

M. Elaine Toms
Nucl. Phys. 54 . 625-640 (1964)

METHOD

Betatron

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.A ABX THR - 22 C 22 EMU-D DST

59 events 0.74 ± 0.11 MeV-mb

Fig. 2. The cross-section for the 1*N(y,<x)"B reaction versus £,-£• where Er is the choton energy if
£• equals zero and £• is the ”B excitation energy.

form NBS-418
(REV. 7-14-04)
USCOMM-OC 2001 O-P04 PHOTONUCLEAR DATA SHEET 71
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REF.

R.W. Detenbeck, J.C. Armstrong, A.S. Figuera and J.3.
Nuclear Phys. 72, 552 (1965)

METHOO

Marion

14

13 C(p,y) 14 N 65 De 2 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G LFT Q D 2 NAI-D DST

j" = 2*
,

T = 0 9.129 MeV - 9.2 <hT - 0.03 eV

W(9) = 1 + (0.22±0.09) P
a
(cose)

form NBS-418
(R CSV. 7-’ 4-64)
USCOMM-GC 200I0-P94 PHOTONIJCLEAR DATA SHEET 72

J.S. 3E?'RTVtENT0F COMMERCE
NATIONAL 3UREAUOF ST ANOAROS



REF.

P. Kossanyi- Demay and G. J. Vanpraet

Nucl. Phys. 81, 529 (1966)

ELEM. SYM.

N 14

METHOD

Stanford Mark II; Linac

REF. NO.

66 Ko l JDM

reaction RESULT
excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE type range

E,E/ ABX 8 - 14 D 50.60 MAG-D 30-60 130

Table 4

—
Excited states observed in UN(1 +

) by inelastic scattering at 180° of electrons of primary energy 50 MeV and 60 MeV

ex J" Tran-

sition

50 MeV results 60 MeV results
Other

measurementsda/dO
(nb • sr~ l

)

r°
(eV)

Af»
da/dfJ

(nb . sr
_
‘)

n
(eV)

M*

8.7 0* T= 1 Ml 13.22 8 ±2 39 3 5 ±1.5 42 3.18 1.3 ±0.4 eV ref. **)

3~ r = 1 M2 0.006 0.016 2.6 ref. «)

9.2 2* r= i Ml 16 10 ±2.5 12 0.75 6.5 ±1.8 13.8 0.86 8.7 ±1.5 eV ref. *•)

9±3 eV ref. >)

10.4 z* r= i Ml 23.6 -H© 17.5 0.74 5 ±1 15.2 0.64 17 eV ref. *•)

20±6 eV ref. *)

11.7 3* E2 53 4.5 ±1 4 0.075 2.5 ±1
3- M2 0.029 0.07 2.4

12.7 3* E2 67 7.5 ±2 8.5 0.12 4 ±1
3“ M2 0.04 0.17 4

,
ARTMENT OF COMMERCE

EXECUTION ENERGY (M«V) - — aUR E AU O F ST ANDA RD3

Fig. 6. Cross section lor inciaftic scattering at 1 80* of 50 MeV and -60 "MeV electrons from “N target.
j o

form MBS-418
(REV. 7-1 4-841

USC OMM-OC 28010- P84



C. P. Swann
Phya. Rev. 31119 (1966)

EL EM. SYM.

N 14

METHOD
Resonance scattering of Doppler- broadened 7.115 MeV gamma ray

i REF. HO.

66 Sw l JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANCLE

TYPE RANGE TYPE RANGE

G,G LFT 7.1 D 7.1 NA1 DST

W(9) = 1 + (1.25 ± 0.16) P
2 + (0.29 ± 0.26) P

4 .

Excited state of N14 E^ = (7.029 ± -006) MeV

t = (5.4 ± 0.5) x 10' 15 sec assuming all transitions go to ground
state.

w(0) consistent with 1=2

fopm M3S-41S
<R tv. 7- » 4- *4)
'J3C OMM-DC 2«01C-P«4 PH0TQSUCLEA3 DATA SHEET 74

U.S. OEP^RTMENTOP COMMERCE
NATIONAL BUREAUOr JTANGARDJ



J. M. Loiseaux, J. M. Maison, and M. Langevin
J. de Physique 28, 11 (1967)

ELEM. SYM.

N 14

METHOD REF. NO.

67 LO 1 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G/ ABX 18-32 C 34 NAI-D DST

I I I 1 1—
18 20 22 24 26 29 30 32 34

Pig. 4.

I :
l,C Section efficace differentielle de diffusion
(Em = 34 MeV).

II :

IJC Section efficace prevue pour la relation de
dispersion et inultipliee par 0,55.

Ill UN Section efficace differentielle de diffusion .i

140»
( Em =, 27 MeV), (O Em = 32 MeV).

form HES-418
(REV. 7-14-041
USCOMM-OC 26010-P64 PHOTOHUCLEAR DATA SHEET 75

U.S. DEPARTMENT OF COMMENCE
NATIONAL BUREAU OF STANOARDS



REF
* H. G. Clsrc and E. Kuphal

Z. Physik 211. 452 (1963)

EL EM. SYM.

N

A

14

z

7

METHOD REF. NO.

68 Cl 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ LFT 8-12 D 35-58 MAG-D 20-60 DST

^ A
A E0 3 49,6 K

f \
Q sl6S®

^•V

9. 17. 10.43 MEV

E«( UN)« 11.0) Si(kK>»'0.*3
* E<('2C).9.S3 E,C‘N)«9,17 E«( ,4N)«8.90

Ex (12C)>7.M

39 40 [M.8] 42

Fig. 2. Spcktrum der von cinem NsC3H8-TargM gestreuten Eiektronen bei 49,6 MeV
Primarenergjs und einem Streuwinkel von 165°

Tabeile 4. Grundzustandskreilen beim

ZerfaliUes 9,17 und 10,43 Me Y-Niueaus

im Vergleich rni! Literalurwerten

/?-(eV) Autoren

9,17 MeV 10,43 MeV

8,7+ 1,5
3

17 +5 4

9 ±3 20+6 5

4,5 z 1,4 4,9+ 1,5
6

13 ±3 16,4+3,0 7

7,7 + 0,9 12,1 + 1,5 diese Arbeit

Fig. 4. Reduzierte Ubcrgangswahrscheinlicnkeiten 3(M\, q) nach der Partialwellen-
methode ais Funktion von^ fur das 9, 1 7 und 10,43 MeV-Niveau. Die Figur illustriert,

wie ruverlassig der Quotient der 3(k) und damit der F? ausgewertet werden kann

q2 j}m"2j

Fig. 6. Reduzierte Ubergangswahrscheinlichkeit 3(Ml, q) in Bornscner Naherung
- ais Funktion von q

2 fur das 8,90 MeV-N’iveau. Die eingezeichnete Kurve erhalt man
dutch eine Anpassung an die MeQpunkte unter Benutzung eines fest vorgegebenen

_

Gbergangsradius von 3,4 fm SHEET 76

U.S. CEPARTMENTCF COMMERCE
NATIONAL BUREAU OF 3TANOAROS



ref. N. N. Kaushal, E. J. WinhoLd, P. F. Yergin, H. A. Medicus and
R. H. Augustson

Phys. Rev. 125, 1330 (1968)

ELEM. SYM.

N 14

METHOD REF. NO,,

68 Ka 1 HMG

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABX 50-85 C 55,85 TOF-D 10-85 67

(67.5) ..

)

* *
IjHO

‘ - •

s

1

III"*...

1
T*

£T'
i
4 1

Tl

h

e

*»•*•*.
Cm

""
‘

l,i
-

n Zn

*»«iiT
l

O

i

! 1 (

£11
u **

.

.

**——ir-^-h*—T.

It l
(
i

...

NEUTRON ENEMY, MeV

Fro. 6. Observed neutron spectra due to 55-85-MeV difference

photon spectre. The effective cross sections have been divided by

Fig. 7. Effective cross se: irons for production of fa3t neutrons
with energies greater than 10 MeV (solid circles) and 30 MeV
(open circles) by the 55-85-MeV photon difference spectrum. The
dashed curves are modified quasideutean model predictions as
discussed in the text.

NEUT ENGY SPEC

Table I. Comparison of present cram section values in nk i

for production of high-energy photoneutrons by 55-85-MeV phe»
]

tons with measured cross sections r(y,Tn), also in mb, foe Ml *

photoneutron production. The present cross-section vnisei art

uncertain by 8 to 10% because of counting statistics and normal*
zation errors

;
in addition ail values depend on an absolute naruMB>

zation in terms of the deuteron photodisintegration cross i

"*

which is known to about 10% at these energies.

Target

4r(ir/d»)«r*

(£.>10 MeV)
[Present

experiment]

r(y,Tm)

Jones and
Terwiiliger* Costa et ol.k

Other
results

Li a7S 1.0

Be 1.0 2.7 2J 2J*
B L0 1.4

C 1J 1J 1.4 2.4*

O U 1.6

A1 Z

8

5.5 4.6 8*

S 2.1 44 6J4

Fe 42 16 12

Cu 4.3 20 19

Zn 4.4 15

In 7.4

Sn 7.0

Ta 10.7 95

Tl 10.7

Pb 8J 100

Bi 13

U 16 65

• Average cross sections between 55 and 85 MeV. as read from Figs. 4

and 5 of Ref. 4.
*> f -ffwdB/iO, as taken from Fig. 4 of Ref. 5 and Table I of

Ref. 6.
• S. Costa. L. Pa«uai±r‘ G. Flrasino, and L. Roasio. Nuovo CLmenfo

«. 506 (1966).
• G. Bishop, S. Casta.& Fermat. R Malvano. and G. Ricco, Nuovo

Cimento 42. %t» OMO-

form NBS-418
(rev. 7-1 a- ssi
USC OMM-OC 29010-PSS PHOTONUCLEAR DATA SHEET 77
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N. Bezic, D. Brajnik, D. Jamnik and G. Kerne

L

NucL. Phys. A128 . 426 (1969)

|
EL EM. SYM. 1 A

N 14

REF. NO.

69 Be 2 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G.MU-T ABX 10-30 C 35 MGC-D 10-30 4P1

/ o t, -V

Fig. 2. The nuclear part of the photo-absorption cross section for “N. The error of the zero line is
estimated to be ±2.5 mb. For comparison a(y, p0 ) and a(y, a) from refs. “• ll>

) are also plotted.
Theoretical lines are from fig. 1 1 of Cooper and Eisenberg “).

* 3
J. D. King, R. N. H. Has lam and

R. W. Parsons, Can. J. Phys. 38 .

(i960) 231.
30

R. Kosiek, K. Maier and K. Schiu'p-

mann, Phys. Lett. 2 (1964) 260,
” B.S . Cooper and J. M. Eisenberg, Table 1

Nucl. Phys. A114 (1968) 184. Weighted energy-integrated total phoionuciear cross sections

^Itc

(mb • MeV)
^Inl ff-i

(mb)

a-x T-.

(mb • MeV -1
)60(NZ/A)

(mb • MeV)
0.30/1* mb 3.5 At

(/ib • MeV-1
)

l5C 135= 13 0.74±0.07 5.4±0.6 0.65 ±0.07 0.23 ±0.03 l.C4±0.15
14N i 95 ±37 0.93 ±0.08 8.4±1.7 0.83 ±0.20 0.36-0.08 t .28 ±0.29

*«o 171 ±17 0.71 ±0.07 7.2±0.8 0.60±0.07 0.31 x0.04 0.87±0.1

1

l.p 271 ±50 0.94±0. 17 14.1 ±2.7 C.82±0.19 0.74±0.17 1.60±0.35

-’Si 360±30 0.86±0.07 17.5±1.7 0.68 ±0.07 0.83 ±0.10 0.93 ±0.11
40Ca 580±60 0.96±0.10 29 ±3 0.71 ±0.08 1.5 ±0.2 0.92±0.12

The interval of integration is 10-30 MeV.

form NBS-4’3
IR EV. 7.14^04)
USCCMM-OC ?.fl010»P«4 PHOTQNUCLEAR DATA SHEET 78
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B.L. Berman, S.C. Fultz, J.T. Caldwell, M.A. Kelly, S.S. Dietrich |elem. sym. a

Phys. Rev. C2, 23 18 (1970)

METHOD

N

REF. NO.

70 Be 8

14 7

hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G ,XN ABX 10 - 30 D 10-30 8? 04 1 M 4pi

(10.5 - 29.5) (10.5 - 29.5

513f

f

39
‘JdE = 97.6 MeV mb

Thr

FIG. 2. Total photoneutron cross section lor Nu ,

<7[(y,s) ^(>,^">1. The (y , 2n) threshold Is above the range

of the present measurement.

FORM NBS-418
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REF
' J. L, Black, W. J. Caelli, W. F. Davidson, R. B. Watson

Nucl. Phys. A153 . 233 (1970)

ELEM. SYM. A

14

method

70 B1 1 egf

RESULT EXCITATION SOURCE DETECTOR
REACTION ENERGY TYPE RANGE TYPE RANGE

ANGLE

HE,G ABX 21-24 D 1-3 NAI-D dst

(.9 - 2.6)

*H» BOMBARDING ENERGY (M«V)
HE = HE3

EXCITATION ENERGY IN '*N (MeV)
214 £1-8 22-2 228 230

Fig. 2. The measured II B( :, He,yo) 1 *N excitation function, taken at $ =» 98°.

Fig. 3. a) The differential cross section divided by the s-wavc penetration factor for the
1

1

B( 3
He,;'o)

,4N reaction, measured at 0 -- 90°. b) A repeat of portion of the data shown in fig. 3a,

measured with 15 kcV resolution, c) The differential cross section divided by the s-wave penetration

factor, measured at 0 = 0°. d) A portion of the excitation function *) for the reaction 1 *>>’(;•, p0)
IJC.

c) A portion of the excitation function °) lor the reaction
l
'*N(j', n) ,JN.

[over 1

r o aw MBS-4I8
iR SV . 7-1 *-841
USCOMM-OC 2SC10-P84 PHOTONUCLEAR DATA SHEET 80

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS
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ANGLE IN DEGREES

Fig. 4. Gamma-ray angular distributions from the reaction "B( JHe,y0)
,JN measured at six energies

included arc least-squares fits to the data in the form 11(0) = S,. 0* .-i|P,(eos 0).

*Ht BOMBARDING ENERGY !M»V)

Fig. 5. The coefficients obtained from ieast-squares fits tc the angular distributions. The coefficient*

have been corrected for the finite size of the detector and for lab-c.m. conversion.
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REF N. K. Sherman, R. W. Gellie, K. H. Lokan and R. G. Johnson
Phys. Rev. Letters 2£, 114 (1970)

ELEM. SYM.

N 14

METHOD

70 Sh 1 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,PN SPC 15-30 C 15-30 T0F-D 0-20 90

(15.5-29.5) (15.5-29.5)

DE-EXCIT. NEUTS,

FIG. 2. Measured differences between (i) the 23.5-

and 21.5-MeV neutron energy spectra of 14N (lower

curve) and (if) the 29.5- and 27.5-MeV spectra (upper

curve). The photon energies h are obtained from
ground-state neutron energies T„ by the relation

A* T„a/ (A-1) +fl„ A . The photon differences are

shown dotted. The hatched regions are calculated

line shapes for de-excitation neutrons, Doppler broad-
ened by photoproton emission. Their vertical scale

has no significance. Region (a) is for the 7.55-MeV
state of

lJ
Cj region (b) is for the 11.8-MeV state.

form NBS-418
(REV. 7-14= 64)
USCOMM-OC 26 0 1 0- PGA PHQTONUCLEAR DATA SHEET 82
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NATIONAL BUREAU CP ST ANOARDS



M. N. Thompson, R. J. J. Stewart and J. E. M. Thompson
thys. Letters 3 IS . 211 (1970)

N 14

METHOO REF. NO.

70 Th 1

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G ,XG ABX THR-29 C 29 SCD-D 1-4 125

13
C states: 3-68 7 ± 2 MeV-mb

3.85 1.7 ± 0.7 MeV-mb

Fig. 1_ Spectrum of do-excitation y-nys following photodlaIntegration of 14N.

FORM M 3 S-418
(R EV. 7-1

U3COMM-OC 23 010-= PC 4 PHOTONUCLEAR DATA SHEET 83

U.S. OEP ARTViENT OF COMMERCE
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3. Friberg, G. Andersson and B. Forkman
Nucl. Phys. A171 . 551 (1971)

ELEM. SYM. A

14

METHOD

71 Fr 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABY 10-800 G 100-800 ACT -I 4PI

Fig. 1. Absolute yields for the (y, n) reactions in “N, “O and ‘*F. The solid lines are the least,

squares fits of the yields from low-energy processes and photomeson yield.

form HBS»418
(REV. 7-14-04)
USCOMM-OC 2001 0* P64 PHQTONUCLEAR DATA SHEET 34
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REF.

F. Riess, W„ J. O'Connell and P. Paul
Nucl. Phys. A175, 462 (1971)

ELEM. SYM.

N

A

14

l

7

METHOD

Page 1 of 3

REF. NO.

71 Ri 1 eaf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P.G ABX 10-24 3-18 NAI-D DST

5, IN *N (h'teV ) to 1
1"* J-PI

10.5 no ns 12.0 os no n.s

Fig. 4. Excitation function for the capture reaction and inelastic scattering of 3 to 7 McV protons

on 1SC, showing from top to bottom: the y0 capture yield at 90’ and 0°; the yields of 3.09 McV
3.<i8 MeV (a) and 3.85 MeV (b) radiation from inelastic scattering, all at 90*.

Table 4

Legendre polynomial coefficients obtained from the ‘’fCp.yl^N angular distributions in the

giant resonance region

E, (MeV) «i (y») <*» (yo ) at (y,) (yi)

6.3 0.08 ±0.02 —0.39±0.02
S.0 0.07-0.30 -0.45 ±0.34 0.14±0.24 0.10 ±0.40
10J 0.28 ±0.20 -0.13 ±0.33 0.29±0.03 —0.10±0.04

12.3 0.1 5 ±0.0* -0.63 ±0.14 0.40±0.24 0.09 ±0.47

14.0 0.22±0.07 —0.46±0.!4 -0.05 ±0.48 -0.34 ±0.95

16.6 0.21 ±0.09 -0.48 ±0.1

9

FORM N3S-418
(REV. 7-1 4-84)
USC OMM. O C 26 0 1 0- P6 4 PH0T0NUCLEAR DATA SHEET 85

U.S. DEPARTMENT OF COMMERC
NATIONAL BUREAU OF 3TA ,'ARC



K£LAW£

HELD

Page 2 of 3

f, H\ tl+rvi

Fig. 9. Excitation function of the y0 and y, capture radiation, and ofy-rays from inelastic scattering

over the giant-resonance region of '*N.VThe lines are to guide the eye.
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REF F. Reiss, W. J. O'Connell and P. Paul ELEM. SYM. A z

Nucl. Phys. A175 , 462 (1971)

N 14 7

method REF. NO.

Page 3 of 3 71 Ri 1 egf
DETECTOR

Fig. 8. Angular distributions for y0 rays from the 15C(p, j'o)
,4N reaction at various bombarding

energies. Best fits with Legendre polynomials are drawn through the data points.

i

£
5

Fig. 7. Experimental data for the £, = 4.53 MeV resonance, (a) and (b) give the 0° and 90’ excitation

functions for the 13C(p,y0 )
I4N (a) and the 13C(p, p',y (3.6S)) 1 JC (b) reactions, (c) and (d) show the

angular distribution of the capture y-ray and the 3.68 MeV y-ray at E, = 4.535 MeV. The capture

y-ray distribution has been corrected for off-resonance contributions. The solid curves are fits with

Legendre polynomials, (e) and (f) give: the anisotropy A = Jf’(0)/ H'(90) — 1 as a function ot

energy for the capture y-ray (e) and the 3.68 MeV y-ray from 13C (f).

form N3S-418
(R EV. 7-1 4-641
USCOMM-OC 26010-P64 PH0T0NUCLEAR DATA SHEET 87
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£F. c. i_ c. r*i . j ( m.

METHOD

Tatsuya Saito
Nippon Kagaku Zasshi 9_2, 164 (1971) N 14 7

REF. NO.

71 Sa 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N ABY 10-68 C 10-68 Acr-i 4 PI

Nippon Kogotu ZouM. 92. 164^168(1971)

Tha Ylald* of Rodloaetlvilla* Inducod by (y, n) Raaction*

with bamnlrahlimg op to 68 MpV

by Tol»ujo_SAIT^

Tlie (y, n) yield* of 12 target nuelidci have been measured

at 10, 13, 16, 30, 45 and GU MeV bremsstraiilung by observ-

ing tlie induced activities.

The energy dependence of tlie yield* ha* been investigated

extensively in tlie same way a* in tlie previous work at 20

MeV I ircmvstra Idling.

In tlie rase of liravy nuclides, tlie yields rise grrady as a

function of maximum bombarding enrrgy up lo 20 MeV, and

fisc gradually from 20 MeV up lo 68 MeV. However, in tlie ease

of light nudities, die yield* rise greatly up to 30 MeV, because

the neutron separation energies of light ones »rc larger than

ihosc of heavy ones, and tlie brcmsstrahlung spectrum covers

the giant resonance and so the yields rise gradually from 30

MeV up to 68 MeV.

The yields have approximately been* estimated from the

parameter of the giant resonance, that is the peak cross section

and the haif width, in order to com;»arc with the experimental

data. As a result, (lie experimental data of light nuclide* and

lieavy one* are nearly in agreement with the estimated data

of Nathans ct al., Johns ct ul. and Momalbctli ct a!., but Uiosc

of medium weight one* are relatively lower value*.

Detriment •/ Ckmutry, Faculty af Seine*, Tahoka Uitiatriiiy;

X*tamra-eho, Sndai-lhi, Jspaa

p I I P

c >*•"

» wr-U.

E .
8

i i j I
'

T

° •

45
8• 5 •

• .

M-

• l« » » *> 00 A) so » a*

a * * 4>

• : XHift, ©: John* b,
Ot Nathan* b . Ol Monlalbetti b

a 4

FORM N3S-4I8
IflEV. 7-1 4-641
USCOMM-DC 26010-064 PH0T0NUCLEAR DATA SHEET 83

U.S. 0EPARTMENT0F commerce
NATIONAL SUREAUOF STANDARDS



REF. EL EM. SYM. A z

R.W. Carr, J. S. E„ Baglin, and E. J. Bentz.Jr.

Phys. Rev. G6, 2032 (1972) N 14 7

METHOD REF. NO.

72 Ca 4 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P ABX 17- 25 G 20- 25 SCD-D DST

<20. 5-25)

<j(0) = A + A P (cos0) + A-P (cos0)Oil 4 L

+ A
3
P
3
(cos0) + A^P^(coae).

0.2

0.1

0.0

0.0
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FIG. 7.
uN(y,£

tt}
differential cross section at ?0*.

Solid dots: present experiment. Dotted line: (p,y0 )

data (Ref. 6). Dashed line: fy, n
a)
data (Ref. 10).

as

0.4

O Q 3

<
ao

-02

-r 1 r-

ll|H

_U I J.

20 22 24

rIG. 4. uN(y,^ a). Angular-distribution coefficients
Ai(-cr/4r)

, A 2 , and the ratio Aj/A
0 , plotted as functions

of excitation energy in UN.

PHOTON ENERGY (MeV) (over)

FIG. 3. '^'(y.Po). Ratios of angular-distribution co-

HOTONUCLEAR DAT, efficients to .i„ ; A^A^ A,/At , and A«/A 0l plotted as

89 functions of excitation energy in UN.
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3. l<Nfy, />„) differential cross section: (a) 8=20°; (bj 0=45°: (c) 0 = 65°; (d) 0=90°; (e) 0 = 115°; (f) 0 = 1C5°
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Reiss et aL. , Nuci. Phys. A175 , 462 (1971).

K. Sherman _et_ al. Phys. Rev. Letters 25, 114 (1970).
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REF.

R.W. Gel lie, K. H. Lokan, N„K. Sherman, R. G. Johnson, J. I.

Can. J. Phys. 50, 1689 (197 2)

METHOD

Lodge
EL EM. SYM.

REF. NO.

14

72 Ge 3 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N ABX 10-30 G 15-30 T0F-D 90

Integrated cross section (29 MeV) for all

neutron producing interactions is 88±5 MeV mb.
Table 1. Integrated partial cross sections in the decay

of “N

NEUTRON ENERGY (M*V)

Fig. 6. Photoneutron difference distributions, derived

from the data of Fig. 2.

Integrated cross section

to 29 MeV (MeV mb)

A = 13

nucleus

Dominant
configuration11

(y.n) (y.p)

Ground state (PmfU>lltY 20* 20c '-/

3.51. 3.68 0*3/2 )

7

(Pi 12 Y 6
s 1*. 6'

7.39. 7.55 (Pul)
1

(Pl.i)
1 — 17*

8.92. 8.86 (Pm )

7

(Pi Ilf
— Visible, but not

9.48. 9.52

11.88. 11.80 (PmYiPtnf

separate from othe

reactions

cb.e

Ball and Cemy (1969).

“This experiment.

Kosiek ei al. (19641.

'Thompson el al. (1970).

'Benz (1971 ).

/ 3y detailed balance from 1JC(p.y0 )“N (Riess el al. 1971 ).

'Includes only that component which yields neutrons .o th

ground state of f,
C.

’’Total integrated cross sections were

obtained from the 90° differential

cross sections by assuming an isotropic

angular distribution."

Fig. 7. Breakdown of the (23.5-21.5 MeV) difference

spectrum into its major components (see text).

/£&•

Fig. 4. Cross sections for ground-state photonucieon

emission. (•) (y,«io): present experiment. (— ) (y.n): King

el al. (1960). Histogram (y,p0 ): Kosiek ei at. (1964). (—•

(y,p0 ): by detailed balance from the inverse proton capture

reaction (Riess el al. 1971 ). The inset shows the (y.n,,) cross

section in the region around 19 MeV. together with the

resolution function, and indicates that there is no strong

structure evident in this region, at least in the neutron

channel.

N3S-4I3
rev. ?-

1

PHOTONUCLEAR DATA SHEET 91



J. 2. 2. Baglin and B.J. Bentz, Jr.

PI(INS-73, Vol.I, p.I6I Aallomar
EL EM. SYM. A Z

METHOO

N 14

REF. NO.

7

73 Ba 8 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P ABX 16- 25 C 7- 25 SCD-D DST

(G,P0),(G,P2)

m

Fig. 3 Fig. 1

FORM H3S**18
(REV. 4-64)

USCOMM-NBS-DC PHOTOHUCL2AR DATA SHEET 92

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF 9TANOAROS



E. W. Maute, S. L. Blatt, and D. P. D' Amato
PICNS-73, Vol.II, p. 933 (1973) AsllomarREP. EL EM. SYM. A Z

METHOO

N

REF. NO.

14 7

73 Ma 5 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE RANGE

HE ,G ABX 22- 26 D 1-6 NAI-D 90

HB«HB-3

-»<

a

Fig. 2. Excitation functions for the capture gamma radiations to the ground
and first excited states at 14N.

form N3S-418
(R£V. 7-14-64)

USC OMM-N BS~D C PHOTONUCLEAR DATA SHEET 93
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J. E. So Baglin, E.J. Bent*, tnd R. H. Carr
ref. Phys. Rev. CIO, 24 (1974) CLEM. SYM.

N 14

f

REF. NO.

74 Ba 4 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR

RANGE
ANGLE

£1*. ABX 16- 25 20- 26 SCD-D DST

Ground state cross section agrees very well with
13

C( P ,yo ) results of O'Connell (71R11) -Stanford data.

200 -

,4N(r.P0 )

An
I II

a
X

II Hi

100

»n.

,
i ii

|

i,,
l

,

t

,ni'
1 l|«U*

FIG. 4.
1<
Nft'./>o)- Angular-distribution coefficients

A„(= <t/4v)
, A j, and the ratio A^/A plotted as functions

of excitation energy in UN. Dashed lines indicate values

obtained previously (Ref. S).

form H3S-41I
(P EV. 7.1 4-641
USCOMM.OC 26010-P64

16 !8 20 22
EXCITATION ENERGY (MeV)

24

FIG. 5.
14N(y ,Po). Angular-distribution coefficients

A
t
,A 3 , and A

4
. Dashed lines indicate values obtained

previously (Ref. 5).

FIG. 7. ‘‘‘Nl'V.Aj). Angular-distribution coefficients

A
,
and A.. A

4
values obtained were not statistically

different from zero.
(over)

PHOTONUCLEAR DATA SHEET 94
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NATIONAL BUREAU CF STANOAROS
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METHOD

N. Ensslin, W. Bertozzi, S. Kowalski, G. P. Sargent, W.

G. F. Williamson, S. P. Fivozinsky, J. W. Lightbody , Jr.
Phys. Rev. C9, 1705 (1974)

Turchinetz

,

and S. Penner N 14

REF NO.

7

74 En 1 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.E/ FMF 2- 6 G o0-120 MAG-D DST

FIG. 5. Transverse magnetic form factors for the

2.313-MeV (0
+

) level. The data of Ref. 9 are denoted by

k

,

the present data by •. The solid line is the fit to

Eq, (16b).

6 LEVELS

FIG. 3. Form factors squared of the 5.69-MeV (1~)

(triangles) and 5.83-MeV (3*) (circles) states in
14N. The

fitted shape is that of Eq. (24) with a = 1.37 and 1.93 fm,
respectively.

G.R. Bishop, M. Bernhaim, P. Kb asanyi-
Demay, Nucl. Phys. 54, 353 (1964).

FIG. 6. A. comparison of the present data (V) and the

data of Ref. 9 m for the 3.945-MeV (1*1 state In *tf. *

FORM N3S-418
(R EV. 7-1 4* 64)
USCOMMoQC 20 010- PC 4

(over)
U.S. DEPARTMENT OF COMMERCE

NATIONAL BUR EAU OF ST/NOARC:
PHOTONUCLSAR DATA SHEET 96



7. Form factors squared of the 4.913-MeV (0")

ttrian£l«s) and 5.106-MeV (2") (circles) states In UN. In
!*>th cases the fitted shape Is that of Sq. (24) with a =1.82

1.81 fsa. respectively.

TABLE II. Measured reduced transition probabilities.

Transition from
ground state

Multipolarity

L
B (L ,(ji) t

(e
2 fm2t ) B/B,

p

2.313«n uN Ml (4.3 ± 1.3)x 10"3° 0.065 ±0.020

3.345 (1
+

)
UN C2 3.40± 0.29 1.70 ±0.14

4.913(9")UN Cl (1.35= 0.65)xl0"8
<1.1 ± 0.5) x 10" 7

5.106(2") 14N C3 80 ±19 4.1 ±1.0

5.69(1”)WN Cl (1.81 ± 1.01) x 10-i (3.8 ±2.1)x 10"*

5.33(3") 14N C3 166 ±35 S.l ±1.3

TABLE I. Elastic and inelastic form factors for UN.

Energy Angle 7
1 F l

{q) elastic F 2
{q) Inelastic (measured) x io3

(MeV) (deg) tfm" 1

) (calculated) 2.313 MeV 3.945 MeV 4.913 MeV 5.106 MeV 5.69 MeV 5.83 MeV

60.65 163.7 0.606 0.463 0.014 ±0.002

73.06 163.4 0.729 0.317 0.029± 0.003

39.82 110.3 0.746 0.298 0.55 ±0.02 0.10±0.02 0.12±0.01 0.06 ±0.02 0.2S± 0.03

86.31 163.4 0.360 0.191 0.037 ±0.004

90.08 145.9 0.868 0.185 0.038 ±0.004 1 .01 ± 0.13 0.17 ± 0.04 0.25± 0.05 0.14 ± 0.06 0.44 ±0.07

104.95 110.8 0.871 0.164 0.85 ± 0.06 0.05 ±0.3 0.30± 0.03 0.19=0.04 0.47 ±0.04

100.90 163.7 1.005 0.0970 0.044 ±0.006

104.62 145.7 1.006 0.0964 0.031 ±0.004 T oofO.24 0.25±0.05 0.40± 0.05 0.29± 0. 10 0.71 ±0.11

122.00 110.5 1.010 0.0959 1.03 ±0.10 0.25 ±0.04 0.40± 0.04 0.2S±0.05 0.63=0.06

117.62 145.7 1.130 0.0479 0.055 ±0.004

120.01 146.0 1.154 0.0412 0.37 ± 0.08 0.35 ± 0.04 0.50± 0.04 0.47 ±0.06 0.92± 0.13

1 Calculated for elastic scattering.
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REF-

METHOD

P. Paul, H. S. Kuan, and E.

Nuclo Phys. A254 , 1 (1975)

K. Warburton EL EM. SYM.

REF. NO.

14

75 Pa 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G ABX 22- 34 D 16- 28 NAI-D 90

*

Fig. 2. Excitation functions of y-decay yield to various final states in l,*N indicated in the level

scheme insert.

pobm N3S-418
(R EV. 7-1 4-64)

USCOMM-NBS-DC PHOTONUCLEAR DATA SHEET 98
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ref. V. K. Rasmussen, F. R. Metzger

Phys. Rev. C12 , 706 (1975)
ELEM. SYM. I A

14

METHOD

75 Ra 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.G LFT 2 C UKN SCD-D DST

(2.31)

LEVEL AT 2.31 MEV

fly observation of the resonant scattering of bremsstrahlung, the width of the 2.31-MeV level of l,N hat been

measured as 6.2 dr 0.6 meV. This is somewhat smaller than previous values and in disagreement with inelastic

electron scattering results and the prediction of the conserved vector current theory from the shape of the

“O—.“N 0* spectrum.
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REF. W.L. Sievers, J.A. Pintar, R.L. Boudrie, F.W. Prosser, Jr.,

and Paul Goldhammer

Phys. Rev. C13, 2546 (1976)

ELEM. SYM.

N 14

METHOCI REF. NO.

76 Si 6 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G LFT 9 D 1 SCD-D DST

(1.76)

9=9.17

FIG. 3. Experimental angular distributions for the

six transitions used in the least squares analysis. The
curves are the best fits to each distribution from the

simultaneous nonlinear least squares fit, as described
in the text. Where error bars are not shown, the error
is less than or equal to the size of the point.

TABLE IIL Measured values of (||£2|[)/(||Afl||)

for the 7.03-MeV—0-MeV transition in
UN. The

symbol (||XL||) represents the reduced matrix element

for XL multipole radiation. The mean is the weighted

mean of the five values and its error is the weighted

internal error. The external error is 0.050.

Reference Value Method

Gorodetsky et al„ Ref. 4 0.6 ±0.2 l2C( 3He,*y)

Gallmann et al., Ref. 5 0.7 ±0.1 12 C(
2He.py)

Prosser et al., Ref.-6 0.6 ±0.1 13C(p, y)

Swann, Ref. 7 0.6 ±0.15 !4N(y,y)

Present work 0.74 ±0.09 13C(p,y)

Mean 0.669± 0,031

TABLE L Mixing ratios and partial y-ray decay widths for transitions in UN. The partial
widths for each transition were calculated from the branching ratios determined in the present
work for the 9.17- and 6.44-MeV states and from Ref. 3 for the 7.03-MeV state. The partial
widths for each multipole are given in Weisskopf units.

Transition Mixing ratio Multipoles

r 4

r
(eV)

r
y
(D

(W.u.)
b

r
y
(L +i)

(W.u.) 15

9.17—0 -0.003± 0.003 (£2/Afl) 7.7 ±0.9 0.47 ±0.06 <0.003
9.17— 2.31 0 (£2) 0.077± 0.011 3.1 ±0.4
9.17— 6.44 0.031 ±0.006 (£2/A/l) 0.80 ±0.12 1.9 ±0.3 3.1± 1.3
9.17— 7.03 -0.037± 0.015 (E2/MI) 0.29 ±0.04 1.4 ±0.2 5.41H
7.03— 0 0.74 =0.09 (£2/An) 0.124± 0.012 0.0109± 0.0014 1.6± 0.3
6.44—0 -0.004 ±0.010 (Af3/£2) (7.4 ± 0.7) xio-4 0.041 ±0.004 <1.4

* Reference 3, corrected for the branching ratio of the 7.03-MeV state.
° Reference 9.
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TABLE O. Branching ratios for the decays of the 9.17-, 7.03-, and 6.44-MeV states in UN.

Branching ratio

Ei E, Present Previous *

( Me V)
1 (Me VI J]

, T, (%) <%>

9.17 Z*;l 0.0 1\0 85.1 =1.0 79 ±4
2.31 0*; 1 0.85=0.08 1.1*0.4
3.95 1*;0 <0.2

4.91 (0.1)'; 0 <0.2

5.11 2“; 0 <0.2 * <1

5.69 1"; 0 0.49*0.10 <6

5.83 3“; 0 0.61*0.08 3 *2
6.20 1

+
; 0 <0.2

6.44 3*;0 8.8 =0.8
(8 *2

(6.3*0.

5

7.03 Z* l 0 3.2 =0.3
(3*1
< „ _

/3.5* 0.5

7.97 2”; 0 <0.03

8.06 i“:l <0.03

8.49 4”; 0 <0.03

8.62 0M <0.03

7.03 2-
; 0 0.0 1*; 0 96 *4 38.6*0.3

2.31 0*; 1 <3 0.5* 0.1

3.95 1*; 0 <3 b 0.9*0.25

6.44 3
+
:0 0.0 1\0 69.6 =1.5 73.1*1.5

3.95 l
+
;0 19.6 *1.0 18.9*0.9

4.91 (0. 1)~;

0

<0.4

5.11 2~; 0 6.4 *0.6 6.8* 0.6

5.69 1~;0 <0.3

5.33 3*;0 2.7 =0.6 <3, <2, <1

1 Reference 3.
b Present, but observable only at some angles.

^F. Aj zenberg-Selo'^ Nucl. Phys. A152 , 1 (1970)

.

**S. Goredtsky et al . , Phys. Rev. 149 , 801 (1966).

^A. Gallmann et al., Phys. Rev. 164 , 1257 (1967).

S
F.W. Prosser et al., Fhys. ?.ev. 129 , 1716 (1963).

;

C.P. Swann, Phys. Rev. 148 , 1H9 (1966) .

9 - -

D.H. Wilkinson, in Nuclear Spectroscopy , ea. by F

Selove (Academic, New York, 1960) , Part B, Chap. '

. Aj zenberg-
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M. Turk
Fizika 8, 173 (1976)

CL CM. SYM. A
]

Z

^555
~ ~ ~ “ ”

'

c . Bremsstrahlung filtered by 40cm of aluminum.
Kemarics.

obtained by normalizing to Toms (y,3a)

N

RCF. NO

Cross section
76 Tu 3

14 7

egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OCTCCTOR
ANGLE

TYPR RANOC TYPl RANGE

G,2A ABX 16- 42 C 42 EMU-D 4PI

G,He3A ABX 29- 42 C 42 EMU-D 4PI

Fig. 3. Cross section for the reaction
12C (y, 3a) as function of gamma ray

energy after normalizing the data (full

points) to Toms results. Squares re-

present the spread of earlier measure-

ments by various authors referenced

in ReC J
>.

- I

V.

i

''l.tt.t,
r»*c—

M t
,c-a-‘u»d

! r
*n—aa-hj. t 1
»-

{}

r .*n—(Fi-taAi

a a a a *
E/HM

Fig. 4. Measured- cross sections for reactions

(1-5) as functions of incident gamma ray energy.

3
M.E. Toms, Nucl. Phys. 50, 561 (1964)
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S. V. Dementi i, V. I. Ogurtsov, N. G. Afanas'ev
Yad. Fiz. 28, 865 (1978)

Sov. J. NucT. Phys. 28, 443 (1978)

EUEM. SYM. *

N

REF. NO.

7

78Del

1

hg

REACTION ReSULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ ABX 30-150 D 1*2 MAG-D OST

(799-1178)

Measurements were made of quasieiasuc scattering of electrons in the (e, e’) reaction by the nuclei

*Be.
:2C U

N.
I 4
0, and 17A1 An experimental esumate is obtained of the effective mass of an intranuclear

nucleon. At excitation energies up to iO MeV, a ratio M*/M = 0.6 is obtained, corresponding to a

linear potential V(E) = F, 4- 0.4

E

and in good agreement with the data on proton scattering by nuclei

[C M. and F. G. Perey, Atomic Data and Nuclear Tables 13, 294 (1974)]. At excitation energies above

120 MeV the nucleon etfecdve mass turned out to be dose to that of the free nucleon. M‘/

M

=, 0.9.

*GEV, QUASIELASTIC

PACS numoers; 23.30.Cg, 27.20. + n. 27.30. 4-

1

'A
r

a.at-

j.e-

aaalg
?

0.9 so iCO ISO ZOO <u, MeV

FIG. i „ Seduction coeffic tent Af*/M as a function of energy

transfer: *— >Be t a— 12C, C—UN, h— ls O, G— 2TA1. The

curve has been drawn through the experimental points by

hand.
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Re'-V. Di Napoli, J. B. Martins, 6. Rosa, F. Salvetti,
M. L. Terranova and H. G. De Carvalho
J. Inorg. Nucl . Chem. 40^, 1619 (1978)

METHOO

0. A. P. Tavares, ELEM. SYM.

14

REE. NO.

78 Di 10 h9

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G, Cl 1 ABY 22 (22. 7) -999 C 300-999 ACT-

1

4PI

Abslnct—Mean cross sections for the photoproduction of 'Be and "C from '*F.
27
Al. “Si and ”S targets,

7
Be from 999-1 _GEV

and "C from
l4N and '*0 targets have been measured using bremsstrahlung beams in the energy range

OJ-I.OGeV. The results have been compared with previous measurements and an excellent agreement has been
found. In most cases, the values obtained turned out to be much larger than those expected from a simple
spallation mechanism. A fragmentation and/or a fission-like process has been suggested in explaining the
mechanism of such reactions.

200 -

a 100—
=> :
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s

20 -

T—i—r—]—r
1—i—|—i—i—r—r—

i—

r

O • •
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J L j i ! i i i i L
20 30

Ta-ge: rncss numser, A

Fig. I. Mean cross sections per photon. <x,. of "C photoproduc-

lion vs the target mass number A,. Experimental data are taken

from: #. Ref. [9|; . Ref. (13]; . Ref. [2]; O, present work.

The straight line is a least squares fit of the experimental points.
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Table 3. Comparison bewest* experimentally determined and calculated cross sections of 'Be and "C photo-
production and indication of the dominant reaction channels

Target Product fafll.ul iA/4,

<»)

«rr-.n f**l
- Apparent 6«,lble

Sue levs lucleut
Nucleon
Loss, .'A

(xlOu)
0X0 ' 1

(Bts)
*ca®

Threshold

<E*P.)
•Jfechanisa of
Production

*«(*»>

10.11, 7
S. O) (30).3S 67 28 2 <, 50 Spallation

,Z
C

7
fo S 42 ue 20 5 < 50 Seel 1 eel on

’S 7
S« 7 SO 103 12 9 < 50 Fission

S?el UtlCA

’S "c 3 21 130 60 2 < 50 SpelUtian

,s
o

7
s. 9 St 107 8 13 50<EW <2C0 FiSS:on

Fragmentation

,5
0 "e s 31 117 33 3 < 50 Spallation

u.
7
b, u 63 106 S 21 50«£

t)1
<aD0 Fission

Fragaontation

19r 11-
<2 105

Fission
8 16 7 S0<E

U1
<230 Fragmentation

Seal lation

27M 7
b. 20 74 142 2 71 > 2C0 Fra mentation

37
«. "c IS 59 73 5 14 50<c.h <230 Fission

Fr3--p»«titi«3T

28
Si

7
a. 21 75 56 2 28 > ?oc Fragrcntat’Yvi

2S
$1 "c 17 61 63 4 17 SO'V 350 Fissic»»

Fragrant** ion

3Z
S

7
ae 25 73 114 2 57 * 2D0 Frayer.taticn

32
S "c 2t 56 63 3 23 5O«C

a|
«200 Fission

Fragr^entation

S.37
c ,

n
c 2*.(2S) 69.(70) 59 3 20 s0<£

th
,a)0 Fission

Fra9 <entation

7
9# 33 83 70 1 70 > 200 Frcyr^ntation

"c 29 73 70 2 a > 230 FraarhfntJt'cn

(•)
*etn »ilu»« of txe liffervot .rejiureesnts (see Pigs. 1 ana 2 ).

(•*)
Calculated values according to Ref. .
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J. Keinonen, A. Anttila, and R. Hentela
Phys. Rev. C U , 414 (1978)

CL EM. SYM. I A

N 14

METHOD REE. NO.

78 Ke 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE (RANGE

P.G LFT 9 D 1 SCD-D DST

(9.130) (1.701)

The structure of the midget E, =* 1701 keV resonance in the
1JC0>.y)“N reaction was resludied with a 9.13

high-volume Ge(Li) detector. The (82 ± 3)% ground state (J' = l\ T = 0) transition with the angular

distribution fK(0) = 1 + (0.48± 0.03)^(cosd) - (0. 1 6+ 0.03) J\(cos0> and the new (9± i)% branches to

the 6.444-<J’ = 3+, T = 0) and J.832-MeV (/' = 3', T = 0) levels along with the deduced transition

strengths lead to the new assignment of J w = 3
+

, T = 0 for the 9.130-MeV state.

xlO3

u
3.
Q
O
o
CM

</)

b-

Z
=>
o
o

o

5

4

3

- 13C(p^)’
4N

E0
= 1700.5 keV

E
y » 2.7 MeV

*" 9 * 55* 9.13 310
l

D * 2.0 cm 82*3
j

9*3 1

6.44
42 9*3

i 1 * V o
- 5.83-—1— r.o

3.9 5 1 i\cr

1

O 1*0

1

t

1

. .
• hlM '

Si**»*IM M V,
uJ 1— _l —L-J 1

w
1680 1700 1720

Ep(keV)

FIG. 1. The excitation function measured in the viciaity

of the 1701 keV resonance in
13
C( p,y)

t4N. The insert

shows the y-decav scheme of the resonance.

TABLE I. Summary of the angular distribution analysis performed for the different spin

and parity alternatives for the (9.130-0) MeV transition. The experimental a, and «<values

are 0.48*0.03 and -0.16*0.03. respectively. In the cases where the x
: value exceeded the

0.1% confidence limit, the error limits of the mixing ratio 6 are not given.

Orbital

momentum

Amplitude-

mixing ratio of

orbital momenta

V
I.

Channel

spin ratio

I

—! 5

s =0
T =

Amplitude-

mixing ratio of

y-ray multipoles

6

1*

1"

3"

4+

4“

0,2

1.3
2*

3

2.4

3.5

4

0.40

0.35

0

® E2/M1 =-0.70

54 JW2/E1 = —0.70 ± 0.05

43 M3/E2=—0.03*0.02
«> E3/M2 = -0.03 ±0.02

« E4/M3= 2.0

« M4/EZ = 1.1

0.507

0.507

0.478

0.475

0.478

0.478

0.625

0.519

-0.160

-0.161

-0.153

-0.152

-0.291

-0.314

*o and t combinations yielding this value are unacceptable.

b 5 and b comDinations yielding this value are unacceptable.

45.

9

1

45.9°

13
1.9

1.9

1.9

600
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METHOO

J. Keinonen, A. Anttila and M. Bister
Nucl . Phys. A294, 1 (1978)

EL EM. SYM. A Z

N

RCR. NO.

14 7

78 Ke 2 rs

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPt RAN QC TYPE RANGE

P,G LFT 8- 9 D 1-2 r

SCD-D DST

Levels 8.49,8.96,9.13

CHANNEL NUMBER
Fig. i. Portions of y-ray spectra recorded in the Doppler-shift measurements of the 3382 keV
(8.49 — 5.1 1 MeV) and 2517 keV (8.96 — 6.44 MeV) y-rays. The photopeaks obtained at 'he angles O'

and 90 to the beam direction are shown in the same picture. The dispersion is 1 .2 keV/ch.

Table i

Mean lifetimes observed for the 8.49, 8.96 and 9.13 MeV unbound levels in
l4N

E, (keV) £
p
(keV) £

y
(keV) F(r) (%) Tm (fs)

8488 1012 2656 81.1 +2.6 )
18.S+ 1.1

3382 79.1 ±1.2 }

8961 1523 2517 43.4+1.4 105 +5
9130 170! 2686 89 ±4 13 ±5
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ref. N. Ensslin, L.W. Fagg, R.A. Lindgren, W.L. Bendel , E.C. Jones, Jr • EL EM. SYM. A

Phys. Rev. CT9., 569 (1979)

N 14

79 En 1 ha

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ ABX 2-17 D 40-61 MAG-D
180

Inelastic electron scattering from l4N at 180" has been studied at incident energies of 40.6, 50.6. and

60-2 MeV. Transitions to levels at 2.31, 9.17, and 10.43 MeV excitation energy were observed to be

predominantly Afl. The transition to the level at 16.11 MeV probably contains some .Vf2 strength, and

transitions to levels at 12.54, 13.27, and 13.76 appear to exhibit some Afl strength. Data on the 2.313

MeV transition, combined with earlier experiments, bring the observed reduced transition width into

agreement with resonance fluorescence techniques. Transition widths for the other levels with reasonably

certain multipolarities are also given.

7 LEVELS, J-PI, LFT

("nuclear

L

REACTIONS uN(e,e'), 9=130°, £=40.6 , 50.6 , 60.2 MeV; measured"

<r(£); deduced T0 , multipolarities tor transitions excited.

TABLE I. Values of cross sections for excitation of the nuclear transitions studied at the

three incident energies of 40.6, 50.6, and 60.17 MeV.

Excitation Cross section ilO*32 cm:/srl

energy (MeV) 40.6 MeV 50.6 MeV 60.17 MeV

2.31 0.064 = 0.026 0.064= 0.020 0.062= 0.010

9.17 1.319£0.077 1.167 = 0.050 0.932 = 0.035

10.43 1.317 = 0.107 1.148 = 0.079 0.350 ± 0.059

12.54 0.344 r 0.073 0.354= 0.034 0.370= 0.040

13.27 0.114a: 0.081 0.098 = 0.030 0.133 x 0.037

13.76 0.114a: 0.090 0.087 ± 0.029 0.073 ± 0.036

16.11 0.1013:0.073 0.150 = 0.038 0.168 = 0.036

TABLE U. Multipolarities and ground-state transition widths for states in UN eiectroex-

cited at 130°.

Excitation

energy (MeV) J’,T l Multipolarity

r.

This work
(eV)

Other work

2.31 0*. 1 m (6.1 = 2.0) x 10J <6.2= 0.6) < lO-3
®

(7.6 = 1.1) x 10- c

9.17 2°, 1 in 6.6 r 1.3 7.7= 0.9

10.43 2°, 1 .ifi 9.6 = 1.9 12.1= 1.5

12.54 d bin, £2) ((14.7 t 3.2)/s
|

1

13.27 d (Afl, .172, £2)

13.76 e (AH,£1)
16.11 d (M2)

1 Spins and parities from Ref. 19.
b Reference 3 and Ref. 15 but with uncertainty, r0.9 * 10J .

c Reference 14.
d J= 0,1, 2, 3.

*^= 0 , 1 , 2 .

f Where s=2J+- 1.
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FIG. 2. Plot Of F^q 2
) * lOVvxV l - 5Mr vs x =qV/4

for the 2.31-MeV level, where e* ’• aao r
is the analytical

approximation to the hydrogen form factor given in the

denominator of the left-hand side Etj. (2). The combina-
tion of NHL and MIT-NBS points gives an accurate extra-

polation to x = 0.
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*tr. J. W. Jury, C. K. Ross, N. K. Sherman

Nucl. Phys. A337 , 503 (1980)
EL EM. SYM. A

14

method REF. HO.

aojui

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N0 ABX 17-26 C 20-26 TOF D DST

Abstract: Photoneutron angular distributions were measured for the reaction l4N(y, n 0 )
13 N usmgneutron

time-of-flight techniques over the region of excitation energy from 17 to 26 MeV. Coefficients of a

Legendre polynomial fitted to the data are interpreted in terms of a simple single-purticle nuclear

model. For reactions to the ground state in
1J N, it appears that most of the photon absorption in the

giant resonance region studied forms J' = 2“ slates in
l4N which decay by d-wave neutron emission.

Some evidence was found for the existence of J" = O' strength at about 22.5 MeV (the peak of the

cross section). The results are in general consistent with an identification of the (/. n„) process with
the promotion of a p,,2 neutron to ihe s-d shell. Little or no E2 or Ml absorption was observed.
Comparison with photoproton measurements shows some evidence for a small amount of isospin

T = 0 mixing also near 22.5 MeV. Comparison with calculations of the ground-state cross section

shows reasonable aereement if the theoretical results are displaced upwards in enerey by about
1 MeV.

NUCLEAR REACTIONS l4N(7,n0),£ = 17-26 MeV; measured <7(d„) with time-of-flight:

deduced a<£
?
), T = 1 purity.

Excitation Energy (MeV)

Fig. 5. The energy dependence of the angular distribution coefficients of a series of Legendre polynomials

fitted to the eight neutron spectra for each end-point measurement. The a„ coefficient has been corrected

by division by the photon distribution shape and has been plotted as the total ground-state cross

section. *na0 .
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I A CV. 7-14.MI

oseoMM-NBS-oc PHOTONUCLeAR DATA SHEET 1 09

J.S. DEPARTMENT OF C" MERC
NATIONAL. BUREAU OF 4 OARC



C. Rangacharyulu, C. St. -Pierre
Can. J. Phys. 58, 150 (1980)

MCTMOO

icLZM. SYM. A

REF. NO.

80 Ra 2

14

hg

REACTION result EXCITATION
ENEPOY

jounce OETECTOR
ANGLE

TYPE NAN CC TYPI RANGE

P.fi LFT 11 D 4 SCD-Q nsT

(11 .05) (3.77) j

The gamma decay of Ev =* 3.77 MeV resonance in l5C(p.y) l4N has been measured. From the BEL , J — PI
measured excitation functions, the natural width of the resonance was deduced to be 1.2 ±
0.4 keV. The resonance is found to strongly populate the 3.945 MeV level, in addition to the gs
transition. Gamma angular distribution measurements determined the resonance spin as 3*\ The
reduced proton width is found to be 0.5% of the single panicle unit. The transition strengths are
measured to be B( E2) = 0.45 ± 0.07 and 3.0 ± 0.8 Wu for transitions to ground state and the level
at 3.945 MeV. respectively.

Table !. Gamma widths and fl(E2) values for the decay of

11.05 MeV state (R

)

in “N

B(E2)*

Transition rT (eV)4 This work Ref. 3

R - gs 0. 12± 0.02 0.45 ±0.07 0.5

/? — 3.945 0.09 + 0.02 3.0 ±0.8 —
•Assuming :r T. (sco text for details).

Mn Weisskopi units.

“
•

;
* '• r =1.2 to. 4 k«V

O 4 00 - L • tot 0OO
4. »

o
s m \
{/>

j—
J

5 200 1 1 400
o

j

*>
o

1 \

W
0

i 1 l I

3.77 J.rs \rs iso

E, (M«v)

Fig. I. The l3C(p.y0 ) yield curves taken with a Get Li) detec-

tor. The filled circles and season the left-hand side are for 10

pg/cm- target. The open circle/and scale on the right-hand side

are for 100 pg/cm- target. Each point was measured for an
integrated charge of 200 uC. The lines are drawn only as a guide

to the eye.

Fig. 3. (<7) Measured angular distribution and theoretical fit U
= 3) for the ground state transition. (b ) The x

: plot vs. mixing
ratio for J = 1.2. and 3.

'ONM H3S-41S
m £V. 7-1 4-441
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Re 'f H. Taneichi, H. Ueno, K. Shoda, Y.

Nucl . Phys. A350, 157 (1980)

METHOD

Kawazoe, T. Tsukamoto ELEM. SYM.

14

80 Ta 3 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,D ABX 15-29 D 18-29 MAG-D DST

Abstract: Cross sections have been measured for the reaction
,4
N(e, d0)

,2C over the incident electron

energy range of 1 8 to 29 MeV together with the angular distributions of emitted deuterons. Analysis

of these data has been performed by using a cluster model. The giant quadrupole resonance is

deduced around 20 MeV. The dipole strength has two peaks which correspond to the pigmy and the

giant resonances of the (y, p0) reaction, respectively. A monopole component is found to be

necessary to reproduce the experimental results.

NUCLEAR REACTIONS l4
N(e, d), E = 18-29 MeV; measured <r(Ed , 0d ).

,4N deduced

resonances. Cluster model analysis. Natural BN target.

9j

Fig. 3. Angular distributions of deuterons emitted by the
1J
N(e, d„) reaction. Solid curves are the best-

fitted results with a Legendre polynomial series. The deuteron energy ranges tin MeV) used to get the

average values of the cross sections under each experimental condition are shown in the figure.

(OVER)

?orm N3S*<(1S
(REV. 7-1 4-«4»

USC OMM-N 8S*OC

d.S department OF COMMERC
NATIONAL 8UREAUOF STAnDARO

PHOTONUCLEAR DATA SHEET ] 1 ]



Fig. 2. Deuteron cross sections in the *Nie, d<>) reaction. The incident electron energies are shown in the

figure m MeV). The upper scaie is the excitation energy cf emitted deuterons in the laboratory frame.

Vertical bars show statistical errors only.

Table 1

The values of the coefficients Ah which give the best tilted curves in fig. 3 with the Legendre polynomial series eq. i2>.

E.

(MeVI 'MeV>
/lo

4j
tnb/sr VleV)

4, ^4

21 0 6.6 — 7.4 0.429 = 0.042 0.011=0.069 -0.665=0.157 0.176 = 0.108 -0.519 = 0.153

7.6-84 0.388 = 0.054 -0.165=0.088 -0.420 = 0.201 -0.014 = 0.138 -0 353 = 0.196

23.0 8 2-9.0 0.539 = 0.054 -0.250 = 0.089 -0.306 = 0.210 0.396 = 0.144 0.011=0.205

9 2-10.0 0.513 = 0.034 0.007 = 0.056 -0.186 = 0.132 0.424 = 0.091 -0.143 = 0.129

10.0-10.8 0.476 = 0.021 -0.130 = 0.035 -0.025=0.082 -0.024 = 0.056 -0.138 = 0.079

26.0 11.0-11.3 0.2S1 =0.012 0.004 s: 0.020 -0.048 = 0.047 0.008 = 0.032 -0.143 = 0.046

11.S — 12.6 0.158 = 0.040 -0.079 = 0.065 -0.055=0.153 -0.165 = 0.105 -0.147 = 0.149

12.6-13.4 0.172 = 0.018 -0.038 = 0.029 -0.040 = 0 068 0.037 = 0.047 -0.066*0.067
l-i 'O © 13.6-14.4 0.103 = 0.007 -0.030 = 0.012 -0.012 = 0.029 0.013=0.020 -0.063 = 0.028

14.4-15.2 0.055=0.007 -0.025 = 0.011 -0.015 = 0.026 -0.044 = 0.017 -0.023 = 0.025
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J. D. Turner, N. R. Roberson, S. A. Wender, H. R. Weller, D. R. Tilley.,... . VM
Phys. Rev. C21 , 525 (1980)

ref.

METHOD

N

REF. MO.

aoTui

14

egf

REACTION

$ P.G

RESULT

ABX

EXCITATION
ENERGY

SOURCE DETECTOR

13-23 6-14 NAI DST

The 90* yield curves for the and uQ/,y,)“N reactions have been measured in 200 keV steps
for £, - 6.23 to 13.6 MeV and in 100 keV steps for E, = 13.6 to 17.0 MeV. In addition, 50 keV step data
were obtained for E, of 12.6 to 14.53 MeV. Angular distributions of both the cross section and the
analyzing power were also obtained for these two reactions at twelve energies which span the giant dipole
energy region. The cross section was measured at nine angles between 3CP and 154* while the analyzing
power was measured at seven angles between 42* and 142* These data were used to obtain the complex
£1 and £2 transition matrix elements in the case of '’Ctf.y,)'

4
!* The results are compared to a direct-

semidirect calculation. It is found that there is little justification in introducing £2 amplitudes other than a
pure direct £2 term.

POLARIZED PROTONS

NUCLEAB REACTIONS Clp.yj), l5C(p,yj) measured tj{8) andA(S), £
#
=8.05—

"

15.5 MeV. 1
’C(/>.y 0),

13C(p.y,) measured cr (90*)
, Ep =Q.24-17.0 MeV. De-

duced El and £2 T-matrix amplitudes and phases. Compared to model calcula-
tions.

FIG. 5. (ai Typical cross section and analyzing power

data for the 1JC(p,y 4)
uN reaction. The error bars

represent the statistical errors associated with the

data points. The Jfd curves were generated by fitting

the data through fourth order in the Legendre and asso-

ciated Lengesdre ;clynomlals as described In the text,

(b) Same as for Fig, 5(a), but for ‘’Cfp.y,)
1^.

(OVER)

*o*m N3S~41I
<R EV. 7-1 A=6A>

USCQMM-NBS-OC

E x ( MeV)

FIG. 8. The results of the £l-£2 analysis for the
l5
C(£,ri)

uN reaction for dominant dj/,(£l) capture.

The bottom plo'. shows the percentage of the £1 cross
section due to the dj/ }(£l) term. The middle ploi showi
the relative phase between the two £1 terms. Tb uppe
plot gives the angle integrated £2 cross sectioL The
error bars represent the statistical uncertainties asso-
ciated with these quantities (the errors assocta with

the relative phases are «4*). The • 's and X's corres-
pond to the two solutions corresponding to "smr and
"large” £2, respectively. The curves are the result of

the calculation described in the text.

PHOTONUCLEAR DATA SHEET 1 1 3

U.S. DEPARTMENT OF CO* 'ERCE
NATIONAL BUREAU OF 3TA *.ROS



1

FIG. 3. (a) The a* and 6, coefficients for the 15C(£,y u)
uN reaction obtained from the fits through fourth order. The

error bara represent the statistical errors associated with these coefficients, (b) Same os Fig. 6(a), but for l5C(p,

y,)
wN.

E x
(MeV)

FIG. 2. The differential cross section measured at

tfub=90*for the
,3C(p,yj)

l4N reaction. The error bars

represent the statistical errors associated with the

data points.

TABLE I. Summary of the percent of the E2 lsoscalar EWSR obtained from experiment
and from the direct calculation. The Integrated energy weighted strengths are also given.

Note: The value of (r, !
) required to evaluate the sum rule was taken both from electron data

(Hef. 23) (r
0
a
)t and from a uniform charged schere model (r0

l
)j.

-
f -gf- <Mb/MeV)

Small solution 1.75 29 35
Large solution a.o 133 159

Direct calculation 1.0 17 20
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W. Biesiot, Ph.B. Smith
Phys. Rev. C24, 2443 (1981)

ELEM. SYM.

N

A

14

z

7

METHOD REF. NO.

81 Bi 13 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYP| RANGE TYPE RANGE

$ G,MU-T LFT 9 D 9 NAI-D DST

(9.17) (9-17)

Mutually consistent meastirements of elastic nroton scattering

*

show that the width of the 9.17 MeV level in
UN (T= 135+8 eV) is almost twice as

The excitation energy is determined to be 9 172.5 ±0.3 keV, based upon a cascade-

crossover technique with a
56Co source for calibration. The expected azimuthal asym-

metry of the resonance fluorescence of the plane-polarized photons at this resonance is

demonstrated quantitatively.

POL G, AZMUTH ANG DST

NUCLEAR REACTIONS l5
C(p,r)

l4N, I3C (p,p)
IJ
C,

14N res. abs.,
I4N res. fluor., £ = 1.75 MeV; measured a(E,E

p,6)^
l4N deduced levels

J, ft, T, levels. Er.nched target.

FIG. 6. Transmission curves resulting from the five

experiments with absorbers of 64, 32, 16, 8, and 4 cm
IN 2 for pans (a)— (e), respectively. The transmissions

are not normalized to unity but represent the total

number of true counts in the spectrum gate indicated in

Fig. 6. The solid lines are best fits to the data.

FIG. 9. The absorption integral A a as a function of

absorber length d. The data points represent values ob-

tained from separate fits to the data. The dotted and

solid lines mark bands of A a values resulting from

several simultaneous fits to the data, resulting in the

best set of parameters for a given fit option. The solid

lines arise from the fit option with a Gaussian instru-

mental function, while the dotted lines result from a fit

with a trapezium for h(a-a').

coma N8S-41S
IB EV. 7-1 4-441

USCOMM-NSS-OC PHOTONUCLEAR DATA SHEET 1 1 5

U.S. DEPARTMENT OF COMMERCE
NATIONAL. BUREAU OP 3T/NUAROS



TABLj^
'v - Results of the analysts of the resonance aosorpnon experiments with the £,= 1.75 MeV resonance in

Ctp,/)'*N and a INj st»orber for two options in the fitting procedure.

Absorber length

(cm) HeV)
Separate fits

f r (eV) ncr0 A a (eV) X
l
/df T teV)

Simultaneous fits

r
r<)

(eV) nc

T

0 A a (eV) Xl
/df

Gaussian

instrumental

function

64 147+19 6.7 +0.8 4.9+0.9 545 + 53 0.69 5.8 -0.4 547+19
52 1 33 ± 1

5

7.5 r 0.6 3.0±0.4 370 + 33 0.72 2.9 +0.2 363+14
16 133+19 6.9 ±0.6 1.4+0.2 216-26 0.85 135± 1

1*
7.2 +0.4* 1.4 +0.10 225+1 1 0.58

8 145+ 19 7.1 +0.5 0.7+0.

1

129+16 0.15 0.72+0.05 129+ 7
4 120+22 6.5 ±0.5 0.4+0.

1

63 ±12 0.55 0.36+0.02 70 + 4
trapezoidal

instrumental

function

64 161 + 18 6.3 +0.6 4.2+0.6 547+47 0.70 4.8 +0.3 558+18
52 148+16 7. 1+0.6 2.6+0.3 370+32 0.74 2.4 +0.2 365- 15
16 151 + 19 6.7 -0.6 1.2 +0.2 220±25 0.94 152+11 6.3+0.4 1.2 +0.1 222+10 0.57
8 162 + 22 7. 1+0.6 0.6+0.1 131 + 17 0.18 0.61+0.03 126+ 7
4 123+23 6.7-0.6 0.4+0.

1

65 ±13 0.53 0.30+0.02 66 ± 3

'Adopted as the best values from this analysis.

TABLE V. Comparison of the results of this work with the Ajzenberg-Selove compilation

!Ref. 1).

(p,p)‘

This work

(r,y)
b cascade/crossover Ref. 1

Er
(keV)

E. (keV)

r
ro
/rr (%)

r (eV) 135 ± 8 135 ±11

9172.5+0.3

1746.6± 0.9*

9172.5+ 0.9*

91 70.8 ± 1.6'

79 + 4

74 ± S'

rrc
(eV)

r 2+

7.2+0.4

70 ±50‘

6.1+ 0.8 s

2+ «>.=.*>

*The uC(p,p) studies in Sec. II.

*1716 resonance absorption experiments described in Sec. IV'.

cThe cascade/crossover method described in Sec III.

'"Cited from Table 14.20 of Ref. !. The error is inferred from the uncertainty stated for £,,

and does not include the error in the Q value of the ip,y) reaction.

'Cited from Taole 14.11 of Ref. 1.

r
Cited from Table 14.20 of Ref. 1, and based upon (p,y) measurements oniy.

'Product of multiplication of = 0.79±0.04 eV and r r
=7.7±0.9 eV as quoted in Ref. 1.

s
Cited from Table 14.12 of Ref. 1.
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Ref- E. Finckh, R. Kosiek, K. Schlupmann
Naturviss. ^0, 326 (1963)

Elem. Sym.

N

Ref. No.

15

Method
Betatron; proton spectrum; Csl(T^) spectrometer

63 Fi 3 NVB

Reaction E ot AE crd E J * Notes

N
15

(7,xp) Bremss.

24.5 3.2

M
8.7

9.5

31

form NBS-418
(8-1-53)
USC OMM-OC 1 8855-P53

31

J*
= ^3±25^

12.7 MeV-mb

{'*&)* J

n
1 f! n
,4 i f
:! j

1'

so\

I

20 \-

f
1

n

k A
ifW \

\

Detector at 90 .

j

o based on assumption that residual
J
14

C is left in ground state; angular
distribution from Rhodes and Stephens
[Phys. Rev. 110 , 1415 ( 1958) ]

.

Target 99 * 1$ pure gas.

'o r'eV a

Fi<?. Jau. b. Enenrieverteilun* tier Photoprotonca aus Nu .
geraessen

inter 90* turn y-Strahi. Endenergie der Bremsstrahluii* a

b 31 MeV. — Abszisse: Proioiienenentie Ep . Ordinate:

der Prctonen je 100 keV -Intervall

U.S. department of commerce
NATIONAL BUREAU OF STANDARDS

PH0T0NUCLEAR DATASHEET 120



R. Kosiek
z. Physik 122, 544-55 (1964)

N 15

METHOD

Betatron; ion chamber [Page 1 of 3]

REF. NO.

64 Ko 3 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P SPC 12-31 C 19-31 SCI-D 90

Enriched target ABX

Pratcncmnengie

Fig. I a-f. Energieverteilungder Photo-
protonen aus N>3 unter 90’ zum Gam-
mastranl bet verschiedener £ndenergi«
E0 . a £>*l9MeV, b Eq-24,5 MeV,
c £4-25,5 MeV. d £4-26,5 MeV,
e £4-29,5 MeV, f £4— 30,5 MeV. Da»
Zeichen j— bezeichnet die Stelle im
Spektrum. obernalb dcrer nur Grund-
zustandsubergangc energetisch moglicb

sind. Nahere ErUuterur.gen im Te*l

una in Tabcll* i

form NBS-418
(REV. 7-14-64)
JSCOMM-DC 2601 0-P64 PHOTONUCLEAR DATA SHEET 121

U.S. DEPARTMENT OF COMMERCE
NATIONAL. BUREAU OF STANDARDS



R. Kosiek
Z. Physik i?2, 544-55 (1964)

cc CM. a r i»i.

15

METHOD

Betatron; ion chamber Page 2 of 3] 64 Ko 3 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR

TYPE RANGE

Tabclle 2

Ref.

1

£o

MeV

2
£o
i ”(•/ PH >4Ey
IW

McVrob

3

r-
'

-r
ifl’dE;)
W2.5 / mtnj

MeVmb

s

£o \

JP'dEy)
.12,5 lm
MeVmb

16,7
•

1

;
Em I /

... 12,5

MeV MeVmb

Rhodes 8 24.6 13.5* j | 37+ 5*

diese Arbeit 24,5 16-r 2 0,45 ±0,1

5

14 23 23,5 34±6
diese Arbeit 25.5 19±3 0,52+ 0,15 21

i
37 24,5

i 48±S
diese Arbeit 26.5 20-3 0,55 ±0,1

5

26 42 25,5 54± 15

diese Arbeit 29,5 22-3 0,65 ±0,1

5

50 73 27,0 : 84-15

diese Arbeit 30,5 22+3 0,70x0,15 50 84 28.0
j

90 ±20

Erlautcrungen zu Tabeile 2:

Spalte 1 £0
= Endenergie des Betatrons.

Spalte 2 Integrierter Wirkungsqucrschnilt fur Grundzustandsubergange beim (y,p)-

ProzeQ am N' s
.

Spalte 3 Verhaltnis der Ausbeute aller Protonen aus Nichtgrunazustandsu'oergangen

zur Gesamtzahl der gemcssenen Teilchen.

Spalte 4 bzw. 5 Untere bzw. oberc Grenze fur den integricrten Wirkungsquerschnitt

aus Nichtgrundzusiandsiibcrgiingen (nahere Eriautcrungen im Text).

Spalte 6 Gammacncrgie, die zur Abschatzung von Spalte 5 bcnutzt wurde.

Spalte 7 Abgcschatzer Weit fur den integrierten Wirkungsquerschnitt fur Protonen-

emission aus N" s (nahere Erlauterungen im Text).

Assumed isotropic angular distribution.

2 * s e ro ii n i6 re cp[iiev]

Pwmnenenergie

Fig. 1 f

1

Fig. 3. Differentieller Wirkungsquerschnitt fur Grundzustandsubergange beim (y, pt-ProzcO am N 14
.

a ( ) Ergebnis diescr Arbeit unter 90 zum Gammastrahl. Die cmgetragenen Fehlerbaiken geben vor-

zugsweisc die statistischen Fehler der MeOergebnisse wieder. Der Wirkungsquerschnitt *urde zuf die im

Text beschriebene Weise aus den in Fig. I a-f dargestellten Spektren berechnet. Jeder Teilbereich isi fur

sich normiert. die Genauigkeit dieser Normierung wird auf 15". abgeschaut. bl ) Ergeoms der

Messungen von Rhodes und Stephens 4

‘Maxima at 19.5, 20.4, 22.7, 24.5, 15.2, 13.6,

17.0 MeV.

form NBS-418
'R EV. 7.14.C4)
USC CMM®OC 2601O-PC4 PHOTONUCLFAR DATA SHEET 1 22

U.S. DEPARTMENT OF COMMERCE
NATIONAL 3UREAUOF STANDARDS



c. r .

R. Kosiek
Z. Physik 122, 544-55 (1964) 15

METHOD

• Betatron; ion chamber [Page 3 of 3] 64 Ko 3 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTO R
ANGLE

TYPE RANGE TYPE RANGE

fu

0,2

srs

V-

ll
l\c

I \

•'iifli
j \

>'RP
1 v

-

/;

rri \\i \

!'J
j

\ !\ \k \
n jo \i\ \ \

vv —

10 12 IV
~J2

76 73 20 22 2* 26 23 30

Anregungsenergie lies N-Kerns

Fin. 4. Wirkungsquerschnitt f(lr Grundzusundsiibergange der (•/. p)-Rcaktion an den einzelnen Suck-

stoffisotoDen a N> 2 (y. Pa) C 12
.
berechnel unter der Annahme der Gultigkeit des deuiilierten G

g“«^i den Ergebnissen der Reak.ion O 2 0>.vo> N> 2 nach F.sher « al... (Mittlere

angegebene MeBpunkte). 4 Deagleichen nach WaaauaTON und Fasten e N “O'. 4oi C> 2 nach KosiEk

et al.* 3
: d N 1

3

(v, po) Cu diese Arbeit

form NBS-413
(REV. 7-14-64)
USCOMM-DC 26010-P64

U.3. DEPARTMENT OF COMMERC
NATIONAL BUREAU OF STANDARD

PHOTONUCLEAR DATA SHEET ] 23



REF
- G. A. Beer, P. Brix, H. G. Clerc and B. Laube
Phys. Letters 26

B

, 506 (1968)

I
ELEM. SYM.

N 15

METHOD REF NO.

68 Be 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ LET 6 D 50-57 MAG-D 43-57 DST

Table 1.

Experimental results for the 6.32 MeV level In ^®N.
Transition strenghts are expressed in Wei 6skopf units

as defined by Wilkinson [5].

Fig. 1. Spectra of electrons scattered inelasticallv from
a meiamine (C3N6H 5 ) target enriched to 99% in
The scattering angles and primary energies, shown on
the figure, were chosen to give a constant inelastic mo-
mentum transfer of 0.47 fm-1. The peak resfilts from
the excitation of the 6.32 MeV level in 15n. For con-
venience the three spectra are normalized to a constant
elastic peak area. In such a plot, a pure longitudinal
excitation would show a peak area independent of scat-
tering angle. The strong enhancement of the observed
peak area at backward angles demonstrates the pre-
dominantly transverse (magnetic) character of this
transition. Only statistical errors are given: for the

117° spectrum they are smaller than the points.

FORM NSS-418
(REV. 7-14-04)
USCObM-OC 2S01O-PO4 PHOTONUCLEAR DATA SHEET 1 24

U.S. DEPARTMENT CF COMMERCE
NATIONAL BUREAU OF STANDARDS



H. E. Siefken, P. M. Cockburn and R.

Nucl. Phys. A 128 . 162 (1969)

METHOD

W. Krone

15

REF. NO.

69 Si l egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G ABX 10 D 0-1 NAI-D 0-12 DST

t -250-670)

Also used Ge(Li) detector SOURCE 250- o70 KEV

Levels seen at E
?
= 26 1, 352, 527, 634 keV

Table 1

Strengths cay (in eV) for three 14C(p, */)“N resonances

JTp 352 keV 527 keV 634 keV

present experiment *

Hebbard and Dunbar ”)

Hebbard “)

0.034 1.78

0.021 0.54

0.042

0.23

0.11

7 All errors axe estimated to be g 1 7 %.

10.81 s/i1*

10.71
1 ' ' ' ' ' ' '

3/2*

10.54
• v*» m m \ i i i i i

,

« A <1 3 <| <| <|
5/7**

10.45

10.07

9.93

983

9.76

9.22

9.16

905

8.57

8.31

7.56

7.30

7.15

6.32

5^SL

sir

I 30 7 2J 37 2 <J
•

•7/2

3/2
"
1/2(3/21

7/2

5/2
'

*5/2

5/2

3/2
*

_!£*

7/2
°

3/2
*

_kT
-2£

J22‘

ITS*

1/?'

Fig. 7. Energy Ievei diagram and -/-ray decay schemes for I5N. Measured branching ratios shown

j_over_

form NBS-418
IR EV. 7.I4.MI
use OMMoOC 20010-P44 PHOTONUCLEAR DATA SHEET 1 25
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Table 4

Angular distribution coefficients corrected for finite detector size for y-rays at Et = 527 keV

Transition (MeV) u Transition (MeV)

10.71 — 0 -0.73 ±0.01 9.22 -* 6.32 0.07 ±0.1

8

10.71 — 9.05 0.38±0.08 9.1 — 0«) 0.05 ±0.06
10.71 -*8.31 -0.11 ±0.18 8.31 — 0 -0.06 ±0.06
10.71 -* 7.30 0.52±0.05 7.30 -*0 —0.20±0.04
10.71 -*6.32 0.35 ±0.02 7.15 — 5.27 0.23 ±0.05
10.71 -* 5.27 —0.04±0.02 6.32—0 -0.11 ±0.02

5.27 — 0 0.39 ±0.02

•) A combination of the 9.05 — 0 and 9.22 — 0 transitions.

Table 6

Angular distribution coefficients corrected for finite detector size for y-rays at Ev = 634 keV

Transition (MeV) Transition (MeV) At

10.S1 —0 -0.47 ±0.01 9.16—7.15 0.45 ±0.07

10.81 —5.27 -0.70 ±0.07 9.16 — 6.32 -0.64 ±0.11
10.81 — 5.30 0.47 ±0.03 9.16 — 5.27 0.50±0.13

10.81 —6.32 0.49 ±0.02 7.15-5.27 0.24 ±0.02
10.81 —7.15 0.06±0.02 8.31 -0 0.00±0.02

10.81 — 7.30 0.58 ±0.04 7.30 — 0 -0.07 ±0.01

10.81 — 8.31 -0.70x0.04 6.32 — 0 —0.13±0.01

10.81 — 9.16 ») 0.14±0.03 5.30 — 0 —0.04±0.04

9.16 — 0 ") -0.10 ±0.03 5.27 - 0 0.20±0.03

*) This is the angular distribution of two 1.65 MeVy-rays.
5
) This is the angular distribution of the 9.05 and 9.16 MeVy-ray*.
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REF. E. B. Dally, M. G. Croissiaux, and B. Schweitz

Phys. Rev. C2, 2057 (1970)

|
ELEM. SYM.

N 15

method

[Page 1 of 4] 70 Da 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

M/ ABX 5-8 D 250,400 MAG-D DST

Elastic data also given for both if
4 and if

5
. LEVELS 5.5-7.56 FMF

TABLE m. Inelastlo electron scattering cross sections from N16 at 250 and 400 MeV for the doublet level at 5.3 MeV,
the 6.3-MeV level, and the triplet level at 7.3 MeV.

*•
(MeV)

6

(deg) 5.3-MeV levels

10M xdor/dn

6.3-MeV levels 7,3-MeV levels

250 45 311*31 451*39 296*38
50 221*32 271*43 200*44
55 149*24 160*17 140*24
60 76*11 98*13 83*12
65 57*3 65*9 48*6.7
70 39*6 35.4*5 37.4*5
75 28.5*4 26.6*4 31.7*5
80 19.8*3 15.4*2 21.6*3
32 16.6*2 10.5*1.5 19.1*2
84 13.2*2 7.5* 1.3 18.7*3
85 12.7*2.4 6.5*2.0 16.0*3
86 9.95*1.4 8.7* 1.3 13.9*2
90 8.28*1.3 4.8* 0.7 10.4*1.5
95 4.80*0.7 4.01*0.6 5.3*0.

3

100 3.19*0.54 2.16*0.3 3.9 *0.6
105 2.20*0.35 0.99*0.2 2.78*0.5
110 1.78*0.4 0.41*0.13 1.64*0.4

400 32 613*95 475*11 458*103
35 262*34 385*52 291*41
38 220*20 266x30 247 * 27
40 173*22 189*22 231*25
42 140*10 122*15 154*21
45 88.4*9 76*6 103*9
48 56.8*4 41*4 67*7
50 43.3*5 26*3 49*6
53 25.8*3 15.0*2 33*4
55 18.3*3 12.6*2 21*2.5
58 10.5*1 5.19*0.9 13.3*2
60 6.30*1 3.33*0.8 9.04*1.3
65 3.04*0.7 1.36*0.4 3.76*0.5
70 0.85*0.2 0.30*0.08 1.38*0.2
75 0.33*0.08 0.14*0.04 0.36*0.09
30 0.19*0.05 0.04*0.01 0.18*0.05
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Page 2 cf 4
MOMENTUM TRANSFER (*'*»

FIG. 6. The form factor versus momentum transfer

for the inelastic electron scattering to the 5.3-MeV dou-
let in N1S

. The curves labeled Cl and C3 are the sepa-
rate contributions to the form factor of these transitions.

The magnitude of each is found from a fit to the data as

described in the text, The solid curve la the sum of the

two transitions.

MOMENTUM TRANSFER (»
S

)

FIG. 7. The same as Fig. 5, for the excitation to the

6.3-MeV level in Nls
. The curves Cl, C2, and C3 are

fitted to the data to find which multipole transition is in

volved in the excitation.

1 28



REF. E. B. Dally, M. G. Croissiaux, and B. Schweit 2

Phys. Rev. C2, 2057 (1970)
ELEM. SYM. A

N 15

METHOD

[Page 3 of 4]

REF. NO.

70 Da 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

TABLE V1L Summary of the experimental results on the inelastic scattering from N,s
. Column 1 is the level energy.

The 250- and 400-MeV data woro separately fittod to the 6.3-MoV transition when Ml was included in the fit. The 250-

and 400-MeV data were combined for the fits to the other levels and for the fit to the 6.3-MeV level when C2 was used

alone. Column 2 gives the possible transitions. These transitions in parentheses were not considered for the fits. Col-

umn 3 identifies the fitting parameters defined in the text, and column 4 gives their values. Column 5 is the xVdegree

of freedom for the fits. Column 6 contains the values of found in this experiment. Column 7 has values of

3 t found from other experiments, and lifetimes found in this experiment in column 8 can be compared with other exper-

imental values in column 9 and the values obtained using an independent particle model (column 10). The errors are

standard deviations weighted by the x
2 of the fit.

Fitted parameters £(M\)* Lifetimes r (sec)

Mode of Parana- X ‘/degree This Other This Other

Level excitation eter Value of freedom expt. expts. expt. values Weisskopf

5.27 C3 0 (0.104 ±0.005)] (62.5 ±2.1k 2 60s 2 * (2.46 ±0.1) 2.7xl0*12b 11x10“”
<M2+£3) xlO* 1

/

42.8/31

xlO" 1* >10* ,2e

>5xi0*,2d

5.30 Cl a (0.124 ±0.02) ( (0.362 ± 0.07k2 (1.16 ±0.2) 4.3xl0"lde 1.1xlO"11

(£1) xlO* 1

]
xlO*” <3XlO~‘* d

6.3 C2 a (0.369 ±0.02) 66/33 (4.03 ± 0.14k
2 4.9s2 * (1.97 ±0.2) 2.23X 10*M

<Ml+£2) xlO“‘ x io-l«

a (0.325 A 0.04)
]

(3.49 ±0.3k2 4.9s2 * (2.18 ±0.3) 1.1x10“”® 2.23X 10*“

xlO*1
I xl0“u 1.S5X 10*” f

6.3 C2+Afl >11.7/14 <4.5X10"”*
1.3X 10*“(250) (£2) 0 (0.114 ±0.06) ( (0.0853 ± 0.04k2

(2.89 ±1.4) 1.94x10"”*

r (0.072± 0.04) xlO
-” 2.43X 10*” f

a (0.207 ±0.02) (2.26 ±0.2k2 4.9s2 * (3.53±0.3) 2.23X 10*M

6.3

(400)

C2+M1
(£2)

p

y

xlO* 1

(0.168 ±0.06)
|

(0.124 ±0.06)

6.1/13
(0.182 ± 0.06k 2

xl0“u

(1.35 ±0.6)

xlO*”
<2.5x10*”*

1.3x 10*“

7.30 Cl a (0.846 ±0.2) <0.123 ± 0.03k2
(1.30 ±0.3) 0.41x10*”

(£1 +Af2) xlO"2

33/31
xl0“”

9.2X 10*“7.56 C3 p (0.124 ± 0.004) (56.0 ±1.6k2 60s2 * (2.19 ±0.07)

(£3) X10"1 xlO*11

*B. G. Harvey, J. B. Meriwether, J. Mahoney, A. Bussiere de Nercy, and D. J. Horen, Phys. Rev. 146 , 712 (1966).

b P. G. Bizzeti, A. M. Bizzeti-Sona, S. Kalbitzer, and B. Povh, Nucl. Phys. A104, 577 (1967).

eT. K. Alexander, A. E. Litherland, and C. Broude, Can. J. Phys. 43, 2310 (1965).

d E. K. Warburton, K. W. Jones, D. E. Albuxger, C. Chasman, and R. A. Ristinen, Phys. Rev. Letters 14, 146 (1965).

e G. A. Beer, P. Brix, H.-G. Clerc, and B. Laube, Phys. Letters 26B , 506 (1968).

f A. R. Poletti, E. K. Warburton, and D. Kurath, Phys. Rev. 155. 1096 (1967).

SR. D. GUI, J. S. Lopes, O. Hauasen, and H. J. Rose, Lifetime Measurements in Mass 15, Internal Report, Nuclear

Physics laboratory. University of Oxford, Oxford, England, 1968 (unpublished), Ref. 27/68.
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MOMENTUM TRANSFER <f
H

)

FIG. 8. The same aa Fig. 5 for the excitation to the

triplet of levels at 7.3 MeV In Nu . The curves have the

same significance as in Fig. S. Only two levels are ex-

cited strongly.
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V„ P. Denisov, L.A. Kul chltskii and I„

Yad. Plz. 14, 889 (1971)
Sov. J. Nucl. Phys. 14, 497 (1972)

METHOD

Ya,, Chubukov
ELEM. SVM.

REF, NO.

15

71 De 2 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.P A3X 19-39 C 19-39 TEL-D 90

(19.6-38.3) (19.6-38.3)

FIG. 3. Cross section da/dfi for the reaction N‘ 5
(7 , p0)C

14 with
formation of the final nucleus in the ground state for protons emitted
at an angle 90® with respect to the y-rey beam direction.

FIG. 4. Cross section doHQ. for the reaction N 15
(7 , p)C

14 with for-

mation of the final nucleus in a state with energy 7.01 MeV (J» = 2*)

for protons emitted at an angle 90® with respect to the 7-ray beam di-

rection.

FIG. 5. Cross section do/dSl for the reaction N l5
(7 , p)C

14 with for-

mation of the Final nucleus in a state with energy 10.74 MeV for protons
emitted at an angle 90° with respect to the 7-ray beam direction.

Table I. Integrated cross sections for the different
branches of the (y, p) reaction in Nls

and Oi8

Integration

limits. MeV

N“(y. p)C'* raetion 0 ,#
(7. p)N" reaction, ref. 9

State of final

nucleus C 14

Integrated

cross section,

MeV-mb

State of final

nucleus N 1 *

integrated

cross secno*.

MeV-mto

12.5 - 30.0

20.5 - 32.0

12.5 - 30.5

Ground, /*=,(>

7.0! MeV, 7* =. 2+

Sum over all

states

21 ±3
32±5’

72±IO*

Ground, J m = »/,-

6.33 MeV. /* ~ »/,-

Sum over all

states

10.5*4.0

27*3

34*8

The errors take into account the uncertainty tn the angular distributions.

Table n. Theoretical and experimental
integrated cross sections for the
different channels of the reaction

N ls
(y, p)C‘

4

Integration

limits. MeV
State of the final

integrated cross

secttoo. MeV-mb
nucleus C*

4

Theory |*| Experiment

0—30.5
0—36.4
0—36.4
0-30.5

Ground
7 01 MeV
10.7 MeV

Sum over all states

22.4

67.8

26.5

1072}

22*3
52*7*
15*3*
73*10*

•The errors take into account the uncertainty in the angular
distributions.
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REF
- H. M. Kuan, C. J. Umbarger and D. G. Shirk

Nucl. Phvs. A160. 211 (1971)

ELEM. SYM.

N

A

15

2

7

method REF. NO.

71 Ku 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G ABX 11-13 D 1-3 SCD-D 0-12 DST

•

Table 1

Gamma transitions of the first two T =» | states of ,5N

Initial state Final state Theory *)

(MeV)
J

•

rCJt.

(keV) (MeV)

/* Branching

ratio (%) (meV)

Mixing ratio Mode
(me^/)

11.61 i* 450±50 0 *- 90.7 ±3.0 3900±1600 El 76000

5.270 < 1 < 40 E2 12

5.299 i* 7.4±1.5 320± 150 Ml 2130

6.328 \- 1 .9± 1 ^5 80± 60

12.523 ±008 t
+ 60±10 0 i- < 1 < 4 M2 47

5.270 r 92 ±2 3 10± 130 -0.02 ±0.04 (E2/M1) Ml 5300

E2 9

5.299 < 1 < 4 E2 5

6.328 1
-

8 ±2 30± 15 —0.02±0.04 (M2/E1)

*) Calculated from Zuker-Buck-McGrory J
) wave functions.

Fig. 4. The 90° excitation function of ,4C(p,y0)'
5N, showing the presence of the broad first T = }

resonance near Ep = 1.5 MeV and the absence of structure near £„ = 2.482 MeV for the second

T = i state of 15 N. The solid line is from Henderson et al.
3
) normalized to the present data.

3
J.D. Henderson, E.L. Hudspeth, W.R. Smith,
Phys. Rev. J/72 (1968) 1058.

^A.P. Zuker, B. Buck, J.B. McGrory, BNL-14085.
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Ep(MeV)

Fig. 5. The 90" excitation functions, in the region of the second T = ] state of l3 N, of three capture
reactions: l4C(p,y0), (p.yi), and (p,y 3 ). The 90“ yield curve of 14C(p, n) ,40 is shown at the bottom.

Fig. 6. The angular distributions of the indicated l4C(p,y) transitions. The solid lines in (a), (b)

and (c) are isotropic, those in (d), (e) and (0 are from the mixing ratio calculations.



REF. ELEM. SVM. A

R.W.

Can.

METHOD

Gellie, K. H. Lokan, N. K. Sherman, R„ G.

J. Phys. 50, 1689 (1972)
Johnson, J. I. Lodge

N 14

REF. NO.

I
*

7

72 Ge 3 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABX 10-30 G 15-30 T0F-D 90

Integrated cross section (29 MeV) for all

neutron producing interactions is 88±5 MeV mb.
Table I . Integrated partial cross sections in the decay

of '*N

ncutrom EHcnar < m.vi

Fio. 6. Photoneutron difference distributions, derived

from the data of Fig. 2.

Integrated cross section

to 29 MeV (MeV mb)

Am 13

nucleus

Dominant
configuration* (y.n) (7.P)

Ground state (PuiflPin )' 20*

3.51.3.68 (Ps/a ra l
2 6* 7*. 6*

7.39. 7.55 (Ps.i)
7
(/,i u)

2 — 17*

8.92, 8.86 — Visible, but not

9,48.9.52

11.88. 11.80 (Pirt)
7

0

w

...

separate from other

reactions

5*-*

‘Ball and Cerny (1949).

‘This experiment.
• Kosiek el at. ( 1 964 1.

'Thompson el at. (1970).

‘Benz (1971 ).

/ By detailed balance from l,C(p.y,)‘*N (Riesa el at. 1971

1

'Includes only Ihat component which yields neutrons to

ground state of flC.

"Total integrated cross sections were

obtained from the 90° differential

cross sections by assuming an isotropic

angular distribution."

Fig. 7. Breakdown of the (23.5-21.5 MeV) difference

spectrum into its major components (see text ).

form N3S-418

uscomm-oc asoto-pea PHOTONUCLEAR DATA SHEET 134

/0U

PHOTO* CMCftOV (M«V)

Fio. 4. Cross sections for ground-state photonucleon
emission. (•) (y.iy,): present experiment. (— ) (-/.«>: Xing
et at. (1960). Histogram (y.pp): Kosiek et at. (1964). (—

)

(y.Po): by detailed balance from the inverse proton capture
reaction (Riess et at. 197! ). The inset shows the (y.n„) cross
section in the region around 19 MeV, together with the

resolution function, and indicates that there is no strong

structure evident in (his region, at least in the neutron
channel.



REF.
J. J. Ramirez, R. A, Blue and H. R. Weller
Phys. Rev. G5, 17 (1972)

£|_£M. SYM.

N 15

REF. NO.

72 Ra 2 fang

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P.G RLY 14 D 4 NAI-D 60

(13.42) (3.44)

~2 assignment to the 13.42 MeV level.
J-PI, 13.42 MEV LEVEL

HQ. IS. The rnoaeurod excitation curve for the reac-

tion t4
CCp,y»)

l5N In the vicinity of the 13.42-MeV level.
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H. R. Weller, R. A. Blue, E„ M. Bernstein & J. j Ramirez
Nucl. Phys. A185. 284 (1972)

ELEM. SYM.

N 15

METHOD REF NO.

72 We 2 egf

1

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G ABX 13-17 D 3-8 NAI-D DST

J-PI 547

Excitation Energy in
l5N (MeV)

Fig. 2. The measured excitation function for the **C(p, y0)
l,N reaction. The error bars shown rep-

resent typical statistical errors associated with the data points. The solid line is a smooth curve drawn
through the data points.

Fig. 3. The measured angular distributions in theeregion of the pygmy resonance. The two-point an-
gular distribution measured at £, - 3.406 MeV, on the j*fj) level, is also shown. The dashed lines

indicate the apparent isotropy in all cases except at £, =» 3.406 MeV, where the curve is the angular
distribution calculated for a j9 — j* resonance. Two independent measurements are shown for £,

- 4.83 MeV.
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REF.

METHOD

V. P. Danisov and I. Ya. Chubukov
Yad. Pi*. 17, 682 (1973)
Sov. J. Nucl. Phys. _T7, 354 (1973)

• N

REF. HO.

7

73 Da 13 hmg

reaction RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANCLE

TYPE RANGE

G,D ABX 19- 25 G 19- 30 TEL-D 90

f
’
36

ada = 1. 0 ± 0. 3 mb-MeV
19.5

for assumed isotropic angular distribution.

FIG. 2. Yield of deuterons with energy 3— 5 MeV as a function of

E7 The curve is the isocbromat corresponding to the (y, d) reaction

with formation of the C 1* nucleus in the ground state. The arrow indi-

cates the kinematic threshold of this reaction.

FIG. 3. Cross section do/dR for deuterons emitted at 90° to the

7-ray direction in the reaction N ,5
(7 . d)C'

J with formation of the final

nucleus in the ground state.
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H. R. Weller, R. A. Blue, J. J. Ramirez, E„ M. Bernstein
Nucl. Phys. A207 . 177 (1973)

METHOD

N

REF. NO.

15 7

73 We 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANCLE

TYPE RANGE TYPE RANGE

P.G ABX 13- Ll D 3- 12 NAI-D DST

i5N Giant Dipole Resonance

Fig. 4. The solid curve is the transformed integrated cross section obtained in the present work. The
bound and continuum calculations are also shown.

“C(p,y/N

Fig. 3. Measured angular distributions for the 14
C(p,'/0 )

l3N reaction with the calculated curves for a
pure level decaying via El radiation to ground.

(over)
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*ib/sr

/ib/sr

Fig. 2. Excitation curves for the I4
C(p,Xo)

l5N and ,4
N(p,'/o)

lsO reactions. Both are plotted on the

same excitation energy scale. The l *N(p,y0)
lsO data were taken from ref.

3
).

3
H.M. Kuan, N. Hasinoff, W. J. O'Connell, S. S. Hanna, Nucl.Phys.
A151 (1970) 129.

^R.F. Fraser, R.K. Garnsworthy, B.M. Spicer, Nucl. Phys. A156 .

(1970) 489.

^R.F. Barrett, R.F. Fraser, P. P. Delaanto, Phys. Letts. 40B
(197 2) 326.
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REF. H. R. Weller and R. A. Blue
Nucl. Phys. AZ11. 221 (1973)

EL EM. SYM.

N 15

METHOCI REF. NO.

73 We 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR

P.G ABX 17- 20 MlzSL asx-

W

Fig. 9. Comparison of the present experiment with the ‘*C(p,y0 )
l ?N and the 14N(p,y0 )

l5O
experiments. All data are shown as integrated, detailed-balanced cross sections. The bound stale

calculations of ref.
,v

) and the continuum calculations of ref.
J0

) are also shown.

19
R. F. Fraser, R. K. Gamsworthy, 3.M. Spicer,

Nucl. Phys. A156 (1970) 489.

20
R. F. Barrett, R. F. Fraser, P. P. Del santo,

Phys. Lett. 40B (1972) 326.
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(JS/qr/,

(
0)

Fig. 7. The measured excitation function for the t3C(d,y0 )
l3N reaction at 90*. The error bars

represent the statistical errors associated with the data points.

Fig. 8. The measured 13Ctd,y0 )
13N angular distribution at 1.726 McV. The error bars represent the

statistical errors associated with the data points.
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H.R. Weller, R.A. Blue, and T. Mo
REF PICHS-73, Vol.II, p. 935 (1973) Aeilomar EL EM. SYM.

N 15

REF. NO.

73 We 4 egf

excitation
ENERGY

SOURCE detector
ANGLEREACTION RESULT

TYPE RANGE TYPE RANGE

D,G RLX 17- 20 D 1-4 NAI-D 90

Excitation Energy in
,5N (m«v)

13 15
FIG. 1. The 90° excitation curve for the C(d,y0 ) N reaction. The error bars

indicate the statistical error associated with the data points.
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REF. ELEM. SYM. A Z

H. R. Weller, N.R. Roberson, D. Rickel, C. R.

R.D. Ledford, and T. B. Clegg-

Fhys. Rev. Letters 32., 177 (1974)

METHOD

Cameran-r

15

REF. NO,

7

74 We 1 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
' ^

TYPE HANOI TYPE NANO*
ANGLE

$ P,G ABX 19- 26 D 9- 17 NAI-D UKN

POLARIZED PROTONS

EXCITATION ENERGY IN
l5
N

FIG. 1. Yield curve for the reaction C 14
(£,y)

15N. Data below 9.0 MeV are taken from Ref. 5. The dashed portion

of the curve reflects the poor experimental statistics in this region.

FIG. 2. Angular distributions and analyzing power for the reaction uC(p,y). The error bars represent the statis-

tical errors associated with the data points. The solid lines are fits discussed in the text.

^H. R. Weller, R.A. Blue, J.J. Ramirez, and E.M. Bernstein,
Nucl.Phys. A207 , 177 (1973). (over)
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TABLE I. The coefficients ak and bk . The parentheses indicate that the enclosed terms were not required to ob-

tain satisfactory x
2 for these cases.

Energy «t/«o Va
0 Va

0 h

4.83 -0.08±0.08 0.03±0.09 — 0.18± 0.09 0.10± 0.06 0.17 ±0.08

8.5 0.02 ±0.2 — 0.75±0.43 0.08±0.09 0.14 ±0.07 (- 0.01 ±0.07)

9.56 0.19±0.10 — 0.59 ±0.22 0.11±0.08 0.22±0.05 (0.02± 0.07)

10.0 0.06±0.02 — 0.47±0.04 0.04±0.09 0.08±0.06 0.12± 0.07

10.3 0.33± 0.11 — 0.43± 0.23 - 0.15±0.13 (0.05±0.09 (0.04±0.11)

11.0 0,12 ± 0.03 — 0.48± 0.06 — 0.13± 0.07 0.05±0.03 0.12 ±0.03 — 0.07 ±0.03

11.65 0.50± 0.12 — 0.54±0.25 — 0.16 ± 0.12 (-0.01 ±0.08) (0.03± 0.10)

12.45 0.26 ±0.12 — 0.55±0.24 — 0.07 ± 0.09 0.20±0.07 0.09± 0.07

The analyzing power A(0) was obtained at a giv-

en energy and angle from the expression*

A(9) = -l(Nu
-^)/P(Nu+Nt), (1)

where 4V
a
and Nd are the y-ray yields for spin up

and spin down, respectively. In addition to the

analyzing power, data were taken with an unpo-

larized beam to extend previous cross-section

measurements 5,4 from E„ = 12 to 16.2 MeV and to

obtain angular distributions needed for the pres-

ent analysis. The angular distributions of cross

section were expanded in terms of Legendre poly-

nomials as

^
B (^)

= «oI 1 + Z) a„Pt (cos5)] (2)
** 1

and the analyzing power was expanded as

A(9)rrJ0) =Z:W(d), (3)

where a0 in o
u (9) of Eq. (3) was set equal to 1.0.
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FIG. 6. Comparison of the experimental results from the li
O(y,£o)

uH and is
N(y,£o)

14C reactions and the theoretical

predictions from the 2h-lp model (case 3). The data below 25 MeV in the top curve are from Ref. 4, the data points

at higher energies stem from the present work. The theoretical plots give the T = $ and £ components of the com-
puted integrated photoabsorption cross section proportional to £

7
lR(£ll)]. Dashed and solid lines Indicate «7 = f and

f - respectively. The top experimental curve should relate to the T = $ part while the !5N(y , ^>a)
14C curve contains

both T components.
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FIG. 4. Normalized angular distributions of the y0 yield at several bombarding energies corresponding to peaks m
the excitation function. The curve at £? = 1.6 MeV should be isotropic. Solid curves are fits with Legendre polynomials

up to P3 . The total cross section 47rA
5
and the normalized Legendre coefficients a,,a2,a 3

obtained from the fits are

plotted on the right hand side of the figure.

TABLE IL Experimental and calculated reduced El transition rates, In units of e 2 fm%
from the lowest T =

-| states with «/* =-^ , -f , and to the ground state (1 ) and the third

excited stats i-l'

)

of l5N.

Final state Reduced transition rates

Initial state £x Theory
Jw , T (MeV) J" Exp.

1 Case A Case B Soga ZBM*

f. 1 0
1
~

2

0.030 ± 0.012

(0.010 = 0.003)
b 0.009 0.013 0.056 0.0683

6.33 r 0.0065*0.0052 0.003 0.005 0.010 * * *

f- 1
2

0 -L"
2

0 0 0 0

6.33
3“
T 0.0015* 0.0008 0.001 0.004 0.015 ...

f • i 0 l-
7 0.011 0.026

6.33 V 0.0003 0.0001

1
See Ref. 4.

° See Ref. 23. 4
h.M. Kuan et al., Nucl. Phys.

A160 , 211 (1971) ; A196 , 634 (1972)

.

23
G.W. Phillips et al., Phys. Rev.

C5, 297 (1972).
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FIG. 3. FirrttoHnn femction of the l4
C(P, y„)

l5N y yield at 90*. The top part shows the region where narrow T = %

resonances may be expected. The insert gives the details of a new resonance at = 6.925 MeV. The center part

shows the region of the GDR and the bottom part the high-energy region up to 30 MeV. Solid lines are drawn to guide

the eye. Arrows energies where complete angular distributions were taken.
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Fig. 2. Coulomb and transverse form factors of the 5.27 MeV doublet: solid circles and squares
are the present experimental results, open triangles are taken from ref. *). The dash curve represents
the theoretical C3 form factor calculated from Zuker, Buck and McGrory wave functions, the
dash-dot curve shows a single-particle shell model (C3+C1) fit and the dot and solid curves are a

Helm C3 fit and a Helm M2 fit respectively.

Fig. 3. The present experimental Coulomb and transverse form factors of the 7.3 MeV doublet:
The solid curve shows the sum ofa single-particle shell model C3 and Cl fit. The C3 contribution and
the Cl contribution are shown in the dot and the dash-dot curves respectively. The dash curve

represents a Helm M2 fit.
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Fig. 4. Coulomb form factors of the 7.56 MeV level; solid circles are the present experimental

results, open triangles are taken from ref. *) and explained in the text. The dash-dot curve represents

the theoretical C3 form factors calculated from Zuker. Buck and McGrory wave functions and
the dot curve shows a single-particle shell model C3 fit,
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Tablb 3

The 15N ground state radiative width*rr* (#V)

Level

(MeV)

J' Transition Present Stanford *) Darmstadt*) Lifetiojb

measurements

5.27 5
* C3

M2
(4.19±0.30)xI0'‘

(1.2 ±0.73) XIO'*
(2.68 ±0.1) x 10'*

(2.4±2.1) X 10'* (2.3 ±0.4) x 10'* *)

5.29 Cl 2.17±2.27 56.88±9.8 0.03 ±0.01 e
).

0.01 5 ±0.005
d
)

7.15 i
+ a (0.86±0.10)Xl0' s

7.30 r Cl

M2
2.64±1.02

(0.3 ±0.2) X 10” 5

50.73±12 « 1.8 < 0.066 •).

< 0.026 0

7.56 i

*

C3 (1.84±0.16)x 10" 5 « 3.01 xlO' 5
*)

•) See text. ») Ref.
IS

).
c
) Ref. lJ

).
d
) Ref. ,3

).

•) Cockbum el al., Bull. Am. Phys. Soc. 13 (1968) 1423.

0 R. Gill tt al., Nuci. Phys. Alii (1968) 209.

*) This value should be understood as the sum of r
r
°

(7.15) and 7^° (7.56 MeV).

Tablb 2

Inelastic form factors squared fin units of 10'*)

4
(fm- 1

)

5.27 MeV doublet 7.2 MeV doublet 7.56 MeV
F2~ F 2

c F2
T F2

c

0.60 2.03 ±0.90 0.84±0.25 0.39 ±0.25
0.69 4.01 ±1.40 1.95±0.45 2.10±0.55

0.31 8.30±0.80 0.46±0.1

5

3.15±0.65 0.02 ±0.09 4.70±2.00
0.95 13.40±i.00 0.56±0.14 2.70 ±0.35 0.082±0.08 5.60±0.60

1.1 15.9 ±1.30 0.33 ±0.20 4.30±0.65 0.11 ±0.07 8.80±0.93

8
E.B. Daly et al., Phys. Rev. C2_ (1970) 2057

12
K.J. Wetzel, Phys. Rev. 181 (1969) 1465

13
T.K. Alexander et al.. Can. J. Phys. 43 (1965) 2310

^°P.G. Bizzeti at al., Nucl. Phys. A104 (1967) 577
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-

*0 = 0. 5-1.1 FM-1

Ex=6.32 MeV

Fig. 1. Coulomb (C2) and transverse (Ml) form factors. Solid

circlet and squares are the present experimental results, open
circles and squares are taken from ref. [9], and triangle points

are taken from ret [8J. The solid curve shows a single-particle

shell model C2 fit, the dash-dot curve represents the theoreti-

cal form factor calculated using ShuIda and Brown wave func-

tions divided by a factor 3, and the dotted cur/e shows a

Helm model Ml fit.
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Table 1

The present results of widths and E2/M1 mixing ratios in
l5

N.

Transition Present r% 151 Remarks Ref.

(MeV) (eV) present others

lsO(p,a) lsN [14]

6.32-0 0.050 ± 0.004 (E2) 0.16 ±0.03 0.13 ±0.03 (e, o') t’l

1.9 ± 0.4 (Ml) 0.13 ±0.02 18
0(p, cr)

lsN [11

9.16-0 0.095 ± 0.005 (E2) > 0.3
(e,e) [HI

0.2 ±0.8 (Ml) 0.09 ± 0.03 14C(p.7) ,sN [10]

[I] J.S. Lopes et aL, Nucl. Phys. 76 (1966) 223.

[8] E.3. Dally, M.G. Croissiaux and 3. Schwartz, Phys. Rev
C2 (1970) 2057.

[9] G.A. Beer, P. Brix, H.G. Clerc and B. Laube, Phys. Lett
26B (1968) 506.

[10] H.E. Sieflten, P.M. Cocfcburn and R.W. Krone, Nud.
Phys. A128 (1969) 162.

[II] H.G. Clerc, Habflitatioru-Schrift Technische Hochschule
Darmstadt (1968), unpublished.

[12] D. Evers et aL, Phys. Lett. 27B (1968) 423.
[13] M. Stroetzel, Pliys. Lett. 26B (1968) 376.
[14] E.K. Warburton et aL, Phys. Rev. 138 (1965) B104.
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G

LFT 6 D 6 SCD-D DST

Abstract: The 6.324 MeV level of l3N was photoexcited by a chance energy overlap with a y-line

obtained from the Cr(n, y) reaction using thermal neutrons. By measuring the angular distri-

bution of the scattered radiation and its polarization, the spin and parity of the level was

determined to be Jn =• <}“. The E2/M1 mixing ratio of the f" -* ground-state transition

was unambiguously determined to be x(E2/Ml) = 0.1 37±0.005. An upper limit to the

branching ratio of the decay of the level to lower lying levels in 13N was obtained. The

radiative width of the level was also measured and found to be r = 3.1 ±0.3 eV. The result

is compared with theoretical predictions.

6=6. 324, POL SCAT G

SCATTERING ANGLE (DEG)

Fig. 3. Angular distribution of the 6.324 MeV
scattered line from 15N as measured using a

40 cm3 Ge(Li) detector. The solid line has

the form W(0) =* l+A2Pi(cosd) and is a

least square fit to the experimental distribution.

Table 1

Width and E2/M1 mixing amplitude of the - 6.324 MeV transition in l3N

Calculated Experimental

ref.
1 *) ref.

20
) ref.

l9
) ref.

l0
) ref 11

) present work

-T(eV)

a(E2/M1)
3.7 4

-0.17 0.13

4.9

0.122

3.4±0.7

0.13

3.1 ±0.3

0.13 ±0.02 0.1 37 ±0.005

10
J.S. Lopes et al., Nucl. Phys. 76 , 223 (1966);

0. Hausser et al., Phys. Lett. 22 , 604 (1966).

G.A. Beer et al., Phys. Lett. 26B , 506 (1968).
18

A.P. Shukla et al., Nucl. Phys. A112 , 296 (1968).

19
A.R. Poletti et al., Phys. Rev. 155 , 1096 (1967).

20
S. Lie et al., Nucl. Phys. A169 , 617 (1971).
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REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,P ASX 14- 28 D 19- 30 MAG-D DST

1040

GROUND STATE

Fig, 4. The l5N(y, p0)
l*C cross section compared with the l5

0(y, p0)
l*N cross section. If isospin

is a good quantum number, the fact that the 1SN cross section is greater than the l50 cross section

above 18 MeV indicates T =» J strength at these higher energies.
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Fig. 3. Coefficients of Legendre polynomial fits at 200 keV intervals. The coefficient, ap . is shown
in fig. 4 multiplied by 4.t. Errors are the statistical errors propagated through the fitting procedure.
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Fig. 2. The 1JN(y, p0)
s*C differential cross section at the five laboratory angles measured. Typical

counting errors are shown. The cross sections were obtained from electrodisintegration data using

virtual photon formalism. ( over)
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Table 2

Coefficients obtained from weighted least squares fits of the angular (distributions to Legendre
polynomials

A
(MeV)

J" Oa

(«b/sr)

aja0 a2/a0 nj/flo

14.8 i* 87± 4 0.20±0.07

13.6 i* 63i 3 0.23 ±0.06 —0.32±0.09

16.7 ** 44± 4

18.4 i* 78± 4 0.13±0.06 —0.66±0.13

19.5 i* 201 ± 6 0.22 ±0.03 -0.55 ±0.07 —0.18±0.09

20.7 r 253± 9 0.1 5 ±0.02 -0.73 ±0.07

22.5 i* 157±10 0.19±0.05 -0.48 ±0.1

3

23.3 r 162± 7 0.24±0.04 —0.70±0.10 — 0.27±0.10

23.9 r 177± 7 0.1 8 ±0.04 -0.35 ±0.08

Also included are the spin and parity assignments indicated by our data. These are the dominant

El states; at all energies except 16.7 MeV there is also interference from E2 or Ml states.

Fig. 6. Experimental angular distribution and fitted Legendre polynomial (solid curve). Dashed
curve is distribution for pure i* state (isotropic) or J* state (4Pa —2J>

1 ).
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REACTION
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Abstract: The 90 differential cross section of the I3C(d. 3N reaction has been measured at deuteron

energies from Ed — 2.90 to 9.95 MeV in steps of200 keV. Angular distributions have been obtained

at £„ = 3.28, 3.96, 4.30, 4.76, 5.32, 5.92, 6.23, 6.63 and 7.94 MeV. The y-rays have been detected

with a 23 cm long by 23 cm diameter Nal(Tl) crystal spectrometer enclosed in a plastic scintillator

anticoincidence shield. The y-ray yield curve decreases monotonically with energy and shows a
resonant behaviour at Et — 6.65 MeV (£, = 21.9 MeV) and a wide structure at Ed — 8.8 MeV
( £, « 23.8 MeV). The angular distributions are consistent with the hypothesis that states with

quantum numbers J' = and are excited in the capture process followed by emission of El

radianon. There is also evidence ofM 1 /E2 transitions over the whole energy region investigated.

EXCITATION ENERSY(MsV)

5. Angular distributions of the 1

3

C(d, 70
)‘ 5N reaction. The solid symbols are the experimental point;

and the curves are the results of the least-squares fits.

Fig. 6. Plot of the coefficients A 0 ,
a, and a, of eq. (2) versus deuterq* energy tor tha {1Qd, y»)‘

sN reaction. (over)
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Fig. 8. Comparison of the
,5
N(y. Pol'^C and ,!

N(y. d0)
uC differential cross sections at 0L =• 90 =

obtained from the cross sections for the inverse processes by means of the principle of detailed balance.
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P,G LFT 13 D 2-4 SCD-D DST

(13.42)

T 1- T

0.1U
-90° -60® -30s 0® 30" 60“ 90*

arctanx

FIG. 3. Top: angular distribution of 14
C(P, y 0) at

=3.405 MeV with the solid line being the theoretical fit

for the J=§ case. Bottom: the x
2 vs arctanx calcula-

tions with assumed J values of 5 and f

.

LEVEL 13.42 MEV

FIG. 2. The yield curves of the capture reaction
14
C(/>,y)

15N at 125*, 0", 30*. 55*. and 90* for y 0
and at

90° for y t (5.270) and y 2 (5.299). The solid lines axe

drawn through the data points.

TABLE I. y transitions of the
-J*, 13.42-MeV state of , 5N.

Final state

£x (MeV) ./*

Branching

(%) Mixing ratio (eV)

B(£l) <e 2fm2
)

Experiment Theory 4

0 1
”

2
100 0.00* 0.04 3.0*0.9 0.0012* 0.0004 0.0009

5.270 r <8 <0.25

5.299 r <3 <0.25

6.324 7 <3 <0.15 <0.0005 0.0006

7.16 I'
2

<5 <0.15

7.30 1*
2

<5 <0.15

4
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v./ FMF 6 D 60-120 MAG-D DST

6=6.32 MEV

Figure 1. Momentum transfer dependence of effective charge for the I p — 1 p Coulomb

transition in
l5N. x, Kelvin; V, Stanford, b = 1-69 fm, R = 3-50 fm.

figure 2. Effective magnetic moment fit to the 6-32 MeV level transverse form factor.

Ft = Fmi + F| 2 . x, Kelvin; 7, Stanford.
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Abstract:The temperature effect of nuclear resonance scattering from the 6.324 MeV level in
I5N was

studied as a function of temperature using a gaseous 13N2 target and a solid Li 13N0
3
target. The

y-source was produced by the Cr(n, y) reaction using thermal neutrons. In order to reproduce the

experimental variation of the scattering cross section versus temperature, the Lamb treatment for

metallic elements was generalised to the case of diatomic and more complicated molecules. In
,5Nj an effective temperature was defined in which the zero-point energy of vibration of the

diatomic molecule was included. In LiNOj, an effective temperature was also defined by in-

troducing a modified Debye temperature and accounting for the normal modes of vibration of 15N
in the 1!NOJ molecule. An excellent agreement between measured and calculated values was
obtained. In a way, the present measurement may be viewed as detecting the zero-point vibrations

in molecules.

6=6.324 MEV

Fig. 2. Relative scattering yield (normalised to T = 293° K) from gaseous 13N 2 and solid Li
15N0

3

targets as a function of temperature. The solid lines are the theoretical curves obtained using eq. (1) with

r0 = T = 2.9 eV and 5 = 29.5 eV. For Li
13N0

3 , the value of 6 was 160° K-
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ELEM. SYM.

N 15

METHOD REF. NO.

76 Pa 1 egf

REACTION RESULT EXCITATION SOURCE DETECTOR
ANGLEENERGY TYPE range TYPE RANGE

G ,PG ABI 16- 35 c 15- 35 SCD-D 112

G,NG ABI 13- 35 c 15- 35 SCD-D 112

G,TG ABI 19- 35 c 15- 35 SCD-D 112

Absolute yields based on normalization to
59
Co(y,n) cross

section of Fultz (62Ful) . If newer
59
Co(y,ln) data from

Alvarez (73A17) is used, yields should be increased by a
factor of 1.41.

Abstract The photodisintegraiion of
15N through excited states of the residual nuclei

has been studied by measuring the yields of de-excitation y rays in a Ge<Li) detector.

Cross sections for all observed transitions were deduced from measurements with brems-

strahlung end-point energies ranging from 15 to 35 MeV and account for an integrated

cross section of 44 MeV mb. Bound states in
14N and 14C with a dominant (lpi/2 )

or ( 1P 3 / 2 )
* configuration are found to be strongly populated. On the whole the results

do not agree well with the meagre existing experimental information or with published

theoretical calculations, with the possible exception of those of Zhusupov and Eramzhyan.

The nature of the states in the
t3N giant resonance is discussed. The 15N(y,l)

12C*

(444 MeV) reaction was also observed and its integrated cross section is - 5% of the

expected value of the El sum rule. Integrated cross sections for
1 t

’0(y, transitions

measured at the same time are given. Resonance fluorescence is observed from the
,3N

10-07 MeV level, for which T
ro
= 4-2 ± 1 5 eV is deduced.

Table 1. Cross sections, integrated up to 35 MeV, for neutron, proton and triton transi-

tions to specific states of the residual nuclei. In the I3N (7, n) and (y, p) cases, all final

states lying below particle break-up energies are included. The dominant configurations

for
14N were taken from table V in True (1963) and those for ‘*0 from the work of

Kaschl el al (1971). For the states with configurations given in square brackets, pick-up

studies find no evidence for direct transitions and the configurations have been taken

from 14N states with the same /*, T. The last two columns compare the measured inte-

grated cross sections, divided by 150 MeV mb, with the theoretical predictions of Gonchar-

ova (1972). Errors on the integrated cross-sections are — ±30%.

Reaction

Final

state

(MeV) j\ t

Dominant

configuration

of final state

35 MeV

J
<xd£

0

(MeV mb)

jcdE
150

(%)

Goncharova

(1972)

(%)

I5N (y, n)
l*N GS r, 0 dPi. 2)

2 NMt — 6-1

2-31 o
+

, 1 OP 1 /2)
2 8-6 5-7 18-4

3-95 i\ 0 (lpj/z) VlPi/ 2)
3

(IPi/i)
l

(2si/a)
1

(ip./^dtW \
(l Pl,2)

, (ld?/2)‘ /

(lp./2)‘(2s,/2)
1

8-3 5-5 9-1

491 0 -, 0 NO{ — —
5-11

5-83

2", 0

3 -, 0
0-9 0-6 -

5.69 I
-

, 0 NO — —
6-20 t

+
, 0 (2s I;J )

z NO — —
6-44 3*. 0 (2s 1/2 )

l

( ld 9/2 )
1 NO — —

703 2
+

, 0 (lPj/2 ) ’(lPl/2)
3 7-9 5-3 4-0

13 N(y,p) ,4C GS

609
0\ 1

1". 1

(lPl-2)
2

(lPi,2)
l

(2s, /2 )‘ )

220§ 14-7 12-1

6-59

6-90

0
+

,
1

0*. 1

(2s 1/2 ; ld 5 ^2)" /

dPu2)

,

(2s 1;2)
1

J

(IP./2)‘(ldV2)‘

0Pj/2 ) '(lpi/2)
3

3-4 2-3

6 73 3', 1 NO — S ;

701 2% 1 7-9 5-3 17-6

13N (y,t)
,2C 4.44 2*. 0 — 70 4-7 -

t nm: not measured in present experiment.

Jno: not observed in present experiment.

§ Value taken from Kosiek (1964); integrated up to 30-5 MeV.
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Figure 1. The y ray spectrum, measured in the Ge(Li) detector, from the
l3NH* i:NOj target irradiated with bremsstrahlung end-point

energy 31 McV. The positions of the peaks for various transitions, and the reactions producing them, are marked.
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and A.B. McDonald
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ELEM. SYM.

N 15

REF. NO.

76 Sn 8 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

$ P,G ABX 20- 28 D 10- 18 NAI-D DST

POLARIZED PROTONS
Direct-semidlrect radiative-capture calculations are compared to new detailed

wC(^p0|, 7o)
I5N measurements In the giant-dipole-resonance region. The calculations

provide a good description of the data by Including only direct £2 and direct plus collec-

tive £1. The experimentally determined £2 cross section exhausts (6.8±1.4)% of the

Isoscalar sum rule and shows no sign of a resonance.

E.(MeV)

FIG. 2. (a) The 90* cross section (Ref. 6). (b) eg,
derived from the data of Fig. 3 and (a) (see Fig. 1 cap-
tion).

^M.H. Harakeh et al., Phys. Rev. C12 ,

1410 (1975).
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FIG. 1. Measured and calculated angular distribution

coefficients for uC(p pol ,y)
I5N. Solid curve, El plu3

direct E2; dashed curve, El, direct E2 plus an E

2

IS

resonance; dotted curve, £1, direct £2 plus an £2 IV

resonance.
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N

REF. NO.

Z

15 7

76 We 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

$ P,G ABX . 13- 26 D 4- 17 NAI-D DST

POL PROTONS

EXCITATION ENERGY IN
,5
N

FIG. 4. The omitaHnn curve for the uC(/>, Yo)
lsN reaction at 0 ub =90°. The error bars represent the statistical er-

rors associated with the data points.
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FIG. 5. The normalized cross section and cross section times analyzing power data as a function of energy and angle.

The error bars represent the statistical errors associated with the data points. The solid lines are a result of the fits

discussed in the text and summarized in Table I.

TABLE I. The a and b coefficients obtained by least squares fitting the data of Fig. 5 as

discussed in the text. Entries of 0.0 ±0.0 indicate that the x
: values implied that these terms

were not required to fit the data.

£
(MeV) ai/a 0

a,/a„ a
3
/a

o *1

4.83 -0.03 ±0.10 —0.36± 0.08 —0.25± 0.14 0.03 ±0.04 0.07± 0.03 0.07± 0.03

5.65 -0.08 ±0.06 —0.24± 0.11 0.0 ±0.0 -0.09 ±0.07 0.03± 0.05 0.03± 0.06

8.7 0.21 ±0.05 —0.50± 0.11 0.0 ±0.0 0.01 ±0.05 0.23*0.04 0.04± 0.05

3.0 —0.18± 0.17 —0.57± 0.15 —0.30±0.25 -0.02 ±0.08 0.31 ±0.06 —0.16± 0.06

9.95 0.25± 0.05 —0.47±0.10 0.0 ±0.18 0.05± 0.05 0.22 ± 0.04 0.03± 0.05

11.0 0.11 ±0.03 -0.65*0.07 0.0 ±0.12 0.02 ±0.03 0.05 ±0.02 -0.06* 0.03

12.2 0.27± 0.06 —0.71± 0.13 0.0 ±0.07 -0.07± 0.05 0.28* 0.04 0.07*0.05

13.6 0.26± 0.06 —0.77± 0.15 0.0 ±0.0 0.02± 0.05 0.23 ±0.03 0.03*0.04
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N

REF. NO.

15 7

77 An 6 hmg

REACTION RESULT EXCITATION
eNEROY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ LFT 9- 15 D 60-194 MAG-D DST

The electromagnetic form factors of five transitions in 1!N have been measured for momentum ® LEVELS, 9 15 MeV
transfers between 0.48 and 1 .27 fm' 1

. The transitions observed were identified with levels at 9.76,

10.80, 11.88, 12.50, and 14.7 MeV excitation energy. Ground state radiative widths have been
extracted by a Helm model analysis.

Fig. 2. Form factors for the 9.76 and 14.7 MeV
transitions. The solid curves are Helm model fits to the

longitudinal electric quadrupole case.

Fig. 3. Form factors for the 10.8 and 12.5 MeV transi-

tions. The solid curves are the Heim model fits for a pure

M2 case.
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11.88 MeV

Fig. 4. Form factor for the peak at 11.88 MeV excita-
tion. The curves shown are C2 and Ml Helm mode! fits

using parameters from the 9.76 and 10.8 MeV transitions,

respectively.

Table 1. Ground state radiative widths obtained from the Heim model analysis of the

transitions observed in this work and by Cier: (1968) (low q-moacl independent tech-

nique)

Level

(MeV) J*
Transition

Tr0 (eV)

Present Clerc (1968)

9.76 5/2- Cl 0.20±0.05 0. 19±0.03
10.8 3/2* M2 (1 .3 +0.S)x 10- 2 1+ © £ X o

1

11.88 3/2- C2 C.44±0.10 0.48±0.22
Ml 4.4 ±3.S 1.3 ±0.7

J2.5 5/2* M2 (5.2 ±2.0)xl0" 2 (5.0 ± 1 . 5) x I0~ 2

14.7 5/2- C2 1.8 ±0.2 —
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METHOD

77 De 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

A,G ABX 15- 25 D 5- 18 NAI-D 90

.

The 90° differential cross section of the 1IE(a,y0)
15N reaction has been measured at a-particle

energies from 5.74 to 17.80 MeV. The y rays have been detected by a 23 cm long x 23 cm
diameter Nal(TI) crystal spectrometer enclosed in a plastic scintillator anticoincidence shield. 1

The yield curve shows three well separated resonances at E„z = 16.29 ± 0.15, 18 88 + 0 20
and 21.26 ± 0.20 MeV.

Fig. 1. Experimental differential cross sections at

9l = 90° of the liC(p,y0)
15N and “B(ct,y0)

l5N reactions.

The solid line represents the results of Harakeh et al.

(1975); the solid symbols are the results of this experi-

ment. In the latter instance only statistical errors are
shown in the figure.

Harakeh, M.

,

1975. Phys.
Paul , P . , Kuan , H.

,

Rev. C12, 1410.
and Warburton , E

.
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ELEM. SYM. A
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N

REF. NO.

Z

15 7

77 Ma 9

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ FMF 5, 6 D 60-120 MAG-D DST

5.3,6.32 MeV
Abstract Form factors for the inelastic scattering of electrons from liN were measured

for the excitation of the 6-32 MeV i~ state and of the 5-3 MeV f doublet. The

experimental data obtained resolve apparent discrepancies between the results deduced

from the previous studies of
15N by electron scattering, and demonstrate that even large-

basis shell-model calculations using the“Kuo interaction do not produce realistic wave-

functions for these states.

Figure 5. Full curve, dwba form factors squared calculated from the parameters given

in columns 1 and 2 of table 3. (a) 6-324 MeV longitudinal form factor; (b) 6-324 MeV

transverse form factor.

qlfm-'l

Figure 7. Full curve, dwba form factors squared calculated from the parameters given

in columns 3 and 4 of table 3. (a) 5-270 MeV longitudinal form factor; x, Kelvm;

V Stanford, (h) 5.-270 MeV transverse form factor.
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lame i. i tie eA^wi.iiie.u^* •*.*.

Run

no

Incident

electron

energy

(MeV)

Scattering

angle

(deg)

Momentum
transfer

<Ji«

(fm' 1

) F]
i
x 10

JJA',
1 £, = 5-3 MeV)
x I0

4

4in/X,|

,£, = 6-3 MeV)

x I0
4

i 120-07 126-1 1-05 0541 407-2 (4-l)t 654-5 (40)t

2 113 99 140-0 105 0535 478 0 (4-5) 782-3 (4-4)

3 111-55 148-0 1 05 0530 478-2 (40) 916-8 (3-7)

4 114-91 114-7 095 0973 179-9 (3-4) 335-5 (3 0)

5 103-35 140-0 095 0949 I960 (4 8) 423-5 (3 3)

6 101-11 148-0 0-95 0-944 225-7 (3-3) 530-5 (2-8)

7 114-91 976 085 1-613 71-9 (3-4) 174 6 (2-5)

8 92-73 1400 085 1-555 87-4 (5 5) 241-2 (3 3)

9 90-72 148-0 085 1-550 1119 (3 2) 305-6 (21)

10 114-91 83-1 075 2-484 30 0 (3-5) 95-2 (2-2)

11 82-12 140-0 0-75 2-388 35-8 (7-1) 129-5 (3-1)

12 80-35 148-0 075 2-382 55 8 (4-9) 1707 (20)

13 114 91 701 065 3-584 1 1-4 (5-8) 47-8 (2-4)

14 71 53 1400 0-65 3-454 — 94 6 (40)

15 69-99 148-0 065 3-448 25-7 (8 1) 106-8 (3-2)

16 111-69 600 055 4867 23 (27) 23-4 (3-6)

17 92-73 74-6 055 4-832 — 22-4 (7-7)

18 59-65 148-0 055 4-730 — 69-8 (41)

19 116-71 148-0 1-10 0386 748-7 (4-8) 1239 0 (4 4)

20 114-91 105-7 090 1-266 115 3 (30) • 242 0 (2-4)

21 114-91 901 0-80 2020 47-5 (3-3) 124-4 (2-4)

22 11491 76-4 070 3 011 16 2 (9-1) 64-2 (4-1)

23 114-91 64-0 0-60 4-209 6-77 (11-0) 32-8 (3-4)

24 114-91 600 050 5-544 2-1 (50) 17-2 (4-7)

25 90-72 53-5 0-40 6-945 1 03 (19) 7-08 (3-1)

26 86-62 490 035 7-605 — 3-54 (6-5)

27 86-65 400 0-29 8-377 — 1 61 (30)

t The figures given inside the brackets are the percentage errors in F 2
. F

.

2

„ can be obtained by multiplying

Fl by AJA ti. All form factors are defined with respect to trM. i.e. F 2 =

Table 2. '•'SI transverse form factors.

') 0-29+ 035+ 0-40+ 0-55 065 075 085 095 105 110+

10
4 x F}(£, = 6-3 MeV) 0-355 0-596 1 82 I -84

±05 ±0-2 ±0-19 ±025
1 SO

±020

1-44

±025
1-74

±0-22

1 76

±0-17

1 60 1-65

±0-28 ±0-25

10
s x F;|£, = 5-3 MeV) — — — - 409

±0-65

4-24

±0-55

5-10

±0-60

3-83

±0-94

4 01 5-45

± 1 60 ±1 00

Tlie errors in these transverse form factors lake into account the variation, at constant ij. of the Coulomb

form factor with change in energy.

f F } obtained by subtracting Ff. as calculated in duels from the parameters given in columns 1 and

3 of table 3.

Fagg, L.W. 1975 Rev. Mod. Phys.

47, 683-711

Moreh, R. and Shahal , 0. 1975a

Nucl . Phys. A252, 429-36

1975b Nucl. PFys\ A262 ,
221-30

Dally, E.3. Croissiaux, M.G.,

Schwartz, B. 1970 Phys. Rev. C

2, 2057-68
ClTne, D. and Lesser P.M.S. 1970

Nucl. Instrum. Meth. 82, 291-3

Table 3.
13N spectroscopic parameters deduced from the dwba analysis of the electron-

scattering data of the present experiment.

State 6-324 MeV j" 5-270 MeV 1* 5-299 MeV

Transition type C2 M1+ C3J M2 CIHI

S(XL)(c2 fm 21
-) 17-1 ± 1-3 (2-29 ± 023)

x 10" 2

440 ± 40 030 ± 0 07

c(fm) 191 3-4 2-55 2-79 Not

t(fm) 2-25 2-l§ 1-82 2-l§

observed

F tr(fm) 3-80 ± 04 2-9 4-1 ± 0-4 2-97 ± 022

+ BIMI*) fixed at value of Moreh and Shahal (1975a.b): F,,(M1) fixed at the value for the 10-43 MeV
state in

14N iFagg 1975).

J Stanford data (Dally ec al 1970) included.

5 t fixed at elastic scattering value ($3 of text).

The errors in the transition probabilities and in the transition radii were calculated using the criterion

of Cline ana Lesser (1970), as amended bv Lesser er ul (1972).
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ELEM. SYM.

N

A

15

z
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METHOD REF. NO.

77 Sc 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

T,G ABX 15- 18 D 1-4 NAI-D DST

_ Abstract: The reactiors
l2
C(t, /c )

,3N was studied for £, = 1-3.4 Mc\( (£, - 15.7-17.6 MeV). The
excitation curve displays a strong resonance with a puik cross section of 4.4± 0.5 fxb/sr at

£, = 2.3 MeV (£, — 16.( MeV, T =>0.13 MeV) and evidence for additional structure. The
excitation curve and the angula distributions were analysed using the complex eigenvalue theory.

The parameters of three J" = J* states and two J’ = 4' states resulting from this analysis are given.

Our results show the importance of complex configurations in this energy region of the ,5N giant

resonance.

Fig. 5. Totrl cross section and coefficients of the expansion de/dQ = .-1
0 [1 +F!.|0/,(cos 9)3 or the

i:Ot. •;„•)'
5N reaction as a function of energy. The solid lines correspond o the 5-matrix fit. involvi y the

same parameters as those given in fig. 3 (see also table 1).

Fig. 3. Excitation function at 90° for the 12
C(t, -/0

)‘ 5N reaction. The vertical error ban represent
only errors of statistical origin. The solid line corresponds to the 5-matrix fit. The horizontal bars at the

top of the figure indicate the positions and the widths of the levels used in this fit (see also table 1).
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Table I

Level parameters obtained in the 5-matrtx analysts of the "Clt, Vo/’N data

ejlejn.n
(MeV)

r(c.m.) *)

(keV)
/. Transition

r.r,*)

(keVJ
)

Jw £.(
,5N)*)

(MeV)

l.30±0.05 450± 100 2 El 0.8 (1.1) r 16.15+0.05

1.75 490 1 M1/E2 0.6/2.8 r 16.60

1.84±0.0l I30± 15 2 El 0.32(0.38) i* 16.69 ±0.0

1

2.24 1 ICO i MI/E2 0.04/20 r 17 09

2.64±0.09 450 ±120 2 E2 1.8 (3.6) r 17.49 ±0.09

*) The limits indicate the variation range of the J’ = * states depending on the analysis conditions.
b
) The J" =» states were introduced to obtain a better fit (see subsect. 2.4). If these states are omitted

one obtains the f ,/*, values between parentheses.
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REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E SI FMF 13- 40 D 52-194 MAG-D DST

The giant resonance region at
15N has been investigated by means of inelastic electron scattering in a

momentum transfer range 0.36-1.23 fin
-1

. The data show a splitting of the dipole resk/Rance into two m«m
peaks at 22 and 23.5 MeV, with some structure around 20 MeV and strength extending down to 13 MeV.
The structure from 19 to 30 MeV correlate* well with radiative capture and photodisintegration data and

is in qualitative agreement with shell model predictions of the isospin splitting of the giant dipole resonance.

The data show considerable spin-flip £1 strength, which agrees well with the predictions of the generalized

Goidhaber-Teller modeL Additional structure found in the energy region from ~ 14 to ~ 19 MeV has bear

t alyzed as a C Cl superposition. The C2 strength in the 14-18.5 MeV region exhausts up to 22% of

the isoscalar energy-weighted sum rule (Helm model, J = 3/2 assumed). The amount of C2 strength in the

region from 13.5 to 30 MeV is negligible.

£„(M*V)

TIG. 3. Differential fora factor at 135*. Other back-

ward angle data were obtained at 141“ atA alas- ah r.o

evidence for strong transverse peaks.

FIG. 4. Integrated longitudinal (a) and transverse (b)

furm factors for Region I (14—18.5 MeV) as a function
of momentum transfer. The solid lines show the aver-
age fit and the Heim model C1-C2 components tnat

yielded the radiative widths quoted in the text. The two
points at higher q (dark circles) were obtained Iren,

fixed angle 3pectra by assuming a transverse compc -

ent extrapolated from Fig. (b). They were not used In

the C1-C2 analysts. The transverse form factor (b) is

assigned to the spin-flip El transitions and as such is

considered part of the GDR form factor.
over
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FIG. 5. Integrated form factors for region n plua

region in (18.5-30 MeV) as a function of momentum

transfer, (a) Longitudinal component. The solid line

shows the Helm model fit for a C1-C2 multipolarity

mixture. As discussed In the text, the C2 component ta

negligibly small. Only the data In open ctrcles were

used In the fitting. The two point* at higher q (dark

ctrcles) were obtained from fixed angle spectra by

assuming a transverse component extrapolated from

(b). They are shown In the plot to demonstrate the con-

sistency of the data at high q with the assumptions made

In the analysts, (b) Transverse component. The solid

line ts the result of using UberaU’s generalization of the

Goldhaber- Teller model. This calculation Is based on

the elastic form factor, not a fit to the data point*.

a) longitudinal

a
§
3V
or

12 •

10

S 0-8 -

co
3>

b ) transverse

IS

IS

1.4

L2

LO

0.8

* - A

a ''a

—I i j__i
05

-i
q(fm )

is

.

FIG. 6. Ratio of intergrated form factors for region
m (24—30 MeV) to region n (18.5—24 MeV) as a function

of momentum transfer. The dashed lines were drawn
only to guide the eye. The errors were not drawn for

the sake of clarity. Statistical errors are about the

size of the points, but relative errors due to background
subtraction and to longitudinal-transverse decomposition
procedure amount typically to 20—25%.

TABLE I. Ground state C2 radiative widths, and fractions of the energy-weighted sum mlo
(isoscalar) from this and previous le,e') work. The </* = !* values In parentheses were assigned

arbitrarily to evaluate T^.

E*
(MeV) r

r
',

(eV)

B (C2)

(a
2 fm2

) Ex 3(C2)/EWSR°

6.32
3.
2 0.06 ±0.004* 14.80 ±1.0 0.05

9.16
3.
2 oao±o.oos* 3.85±0.2 0.02

9.76
5-
2

0.20 ±0.05* 8.40 ±2.1 0.05

11.38
3.
2 0.44 ±0.10* 4.60 ±1 0.03

14-18.5 (i) 12.5 ±2.0 24.2 ±4.0 0.22

18.5-30 <0.10 <0.04 <0.001

1 Reference 17.
b Reference 18.
c See A. Bohr and B. R. Mottalson, Nuclear Structure, (Benjamin, New York, 1975), Vol. 2,

Chap. 6.

17

J.C. Kim, H.S. Caplan, and I.P. Auer,
Phys. Lett. 56B, 442 (1975)

18

E.J. Ansaldo, J.C. Bergstrom,
H.S. Caplan, and R. Yen, Can. J. Phys.

55, 2129 (1977)
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ELEM. SYM.

15

REF. NO.

78 De 2 rs

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

A,G ABX 16- 20 D 6- 12 NAI-D DST

abstract: The tcaction "B(a y0)‘
5N is studied for 6 g E, g 11.5 MeV (15.5 5 £, S 19 5 MeV).

The excitation function measured at 0 ub = 90* displays four strongly excited resonances at

£ = 16.35 + 0.02. 16.73 + 0.02. 17.67 + 0.05. and 19 05 ±0.05 MeV, and
^

probable one at

£ _ 17.15 + 0.05 MeV. These data and 14 angular distributions (0 § 0ub 5 135° for 16 S £, ^ 18

MeV) have been fitted with the 5-matrix “many-levels" formalism. We propose J’ assignments tor

the first four resonances The cross section is about four times smaller than in
1

"C(t,
y^)

1 N. We

will discuss possible correlations with resonances observed in other reactions leading to
1 N.

Fig 2. Differential cross section of “B<*. y0 )

15N as a function of ‘He energy. Vert,cal burs represent

onlv statistical errors and horizontal bars represent energy spread. Fourteen arrows locate ene gies

which angular distributions have been measured.
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4

P 3 1.58 - - - “

7 Po *2 181 1.7 - 1.73 -

A Po*2*4 1.83 .49 5.6 89 1.83

P o*» 1.45 - - - *

O P 0*»*2 68 1.9 - 1.13 -

P 0*1*20 .88 1.05 .12 1 47 133

0 P 0*1 *J*J*4 1.31 .91 .08 07149

122 - r«i 1.71135 -

.73 - 1 59 195 90 -

£9 .47 1.27 1j89 .95 -

117 - - 150150 185

92 - - 183 .92 179

89 43 - .02 1.23 1.71

,79 35 - .03 - 181

- - - 0

- - - 0*2

1.77 - - 0*2*4

- - .78 0.1

- 133 73 0*1.2

1.14 167 37 0*1. 2*1

64 2 31 144 0*1. 1*1*4

Fig. 4b.

4 Summary of values, of Legendre coefficients («„) obtained for possible expansion in Legendre

polynomials ») with 0 g .V g 4 and/. = odd + even orn . even. Laehsyn.bol

refers to one combination as indicated. Values are y
1 minimum obtained for each comb, nation. No value

means a bad fit.
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w. DelBianco, N. Marquardt, K. Farzine & H.V. Buttlar

Can. J. Phys. 56s 3 (1978)
ELEM. SYM. A Z

N 15 7

METHOD I REF. NO. 11/20/80

78 De 8 hmg

REACTION HESUL

T

EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

D,G ABX 11-15 D 1-5 iMAI-0 95

(11.3-14.4) (1.1-4. 2]

The 95° differential crass section of the ,JC(d.y0)
,5N reaction has been measured at deuteron

energies from 1.1 to 4.2 MeV. The y rays have been detected by a 25.4 cm long by 25.4 cm
diameter Nal(TI) crystal spectrometer. The yield curve reveals a sir de resonance structure at £.
- 1.74 i Q.A MeV (£e)ic - 17.7 MeV).

d

La section efficace differentielle a 95° de la reaction ,3C(d,y0)‘-'N a ete mesuree pour des
energies des deuterons allant de 1 . 1 a 4. 2 Me V. Les rayons gamma ont ete detectes par un crystal
de Nal(Tl). La courbe d’excitation montre une resonance a £,. = ! .74 ± 0.04 MeV (£ =17 7
MeV).

Can. J. Phys.. J6. 3 (1978)

<
c
5
C2

1o

5.0

4.0

2.0

1.0 -

* .

!3
C(d,y0 )

!5
N REACTION

® THIS EXPERIMENT

« 0EL8IANC0 etal. (2)

0 WELLER and BLUE (15

IHii i

1 %' \

i

20 SO
0EUTEF0N ENERGY (MeY)

* * O *

1 ‘ • >

4.0

Fig. I. Differential cross section of the l3C(d,y0)
!3N reaction as a function of deuteron energy at 0, = S0°- A ther«u Its of this expenment; O. the data of Weller and Blue (l); ®. the results of Del Bianco *r 0/ (2). The ereor bra of

tie? S 3

fri
t the stat,sl,cai irTors- whereas the errors of the other two experiments contain also the uncen

'

in-ties rescuing from unhiding the Y-ray spectra.
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- H.R. Weller, N.R. Roberson & S.R. Cotanch

Phys. Rev. C18, 65 (1978)

METHOO

EL EM. SYM.

N 15

rev. ho.

78 We 4 hmg

REACTION result EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPf RANGE

$ P,G RLX 14-24 D 4-14 UKN-D DST

Analysis of data in the following references:

Reference 2, 11

°/
Cr^ 5^oru

Mfd « examined for potamed proton capture on “Q
.

** *nd “ enerS»« wWch cover the giant dipole resonance region. These data

.

th
.

e rd*tlV'*®P
1

htude* and P1*8*** of the contributing £1 T-matrix element* A typicalresu*exhib.B two solution* Calculations using the direct (or a direct-semidirecs) capture model appear to
provide a means for choosing the physical solution,

ppe>r

POLARIZED PROTONS

NTJCLEAH REACTIONS: MC(/ v, ),
3tSi(p,y

% ), , y, ),
WFe(/ ,

Fe(p yt ), -cotp

,

y, ),
MSr(p, y, ) ; measured <r(B) and A (9) over energy region

of the giant dipole resonance. Deduced T-matrlx amplitudes and phases. Com-
pare results to dlrect-semidlrect modei calculations.

FIG. 1. The two solutions (dots andx’s) resulting from a pure £1 analysis of the data are shown along with the results

of the .jalculatlon for target nuclei of UC, M Sr, and 3,
S1. The remaining cross section in the case of UC and MSr is dus

to the s./j matrix element. In the case of 3#
Sl It arises from thep,/

2
matrix elemen The error bars represent typi-

cal statistical errors associated with the data points. The amplitudes are presented tn terms of the percentage of the

total cross section for which they are responsible. The curves represent DSD calculations as described ia the text.

The dashed curves in the case of s8Sr were obtained using th*> optical model parameters of Ret. 16 while the solid lines

were obtained from the parameters of Ref. 13.
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***- D. M. Skopik, J. J. Murphy II, H. R. Weller,

N. R. Roberson, S. A. Wender, D. R. Tilley

Phys. Rev. C20, 409 (1979)

METHOD

R. A. Slue, EL EM. SVM. A

N

ner. mo.

7

79Sk6 hg

REACTION RESULT EXCITATION SOURCE DETECTOR
ANGLE

ENERGY TYRf RANGE TYPE RANGE

E,D ABX 20-29 D UKN MAG-0 DST

$ DM ABX 20-24 0 5-8 NAI-D DST

(20.5-23.3) (5.08-8.39)

The cross sections of 15
N(y4a)'

3C and l3
C(d,yo)

l:N have been measured. A resonance was observed at

Et ~21.9 MeV in the (y4</) channel. Vector polarized deuterons were used to measure the angular
distribution of gamma rays at this resonance and the results were analyzed assuming the two S = 1/2 El
transition matrix elements are dominant.

i
NUCLEAR REACTIONS 15 N(y,^)13C, 13C(d,y

0 )
15 N; measured 0(9), A(6

)

and
L ff(tot). Deduced £i T -matrix elements and phases at Ex « 21.9 MeV.

E x (MeV

)

FIG. 2. Results from least squares fitting the (y,d^)
data to Eq. (1). Shown are 4TA

a
and a,.

FIG. 3. Results from least squares fitting the (y.d^)

data to Eq. (1). Shown are the coefficients a, anda
3

which reflect interference between different multipoles.

<J(8) =aJ 1 +£ <Wcos<?)| . (1)
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a

(0)/tb/sr

FIG. 4. Representative angular distribution data. The
solid lines are the results of least squares fitting the

data to Eq. (1). ,5N(7 ,do). The dashed line is from Ref. 2 normalized

upward by 2.5; the solid line is from Ref. 5; o— lsN(y, dj,

this experiment and A— ls C(d, y,)
lsN, this experiment.

FIG. S. Asymmetry and cross section data at.E.,

= 6.74 MeV(£y =21.9 MeV). The solid lines are from
least squares fitting the data to Eqs. (2) and (3) as ex-

plained in the text.
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0. M. Skopik
Can. J. Phys. 57_, 1059 (1979)

EL EM. SYM. A

15

METHOD RE r. NO.

79Uel hg

REACTION RESULT EXCITATION SOURCE oetector
ANGLE

ENERGY TYPf RANOC TYPE PANGS

E,T ABX 20-25 0 22-26 MAG-D 90

The differential cross section for thf reaction ,5N(y.t*) at 9^ = 9(T has been obtained for VIRTUAL PHOTON ANAL .

excitation energies between 20 and 25 MeV by the measurement of a triton energy spectrum from
~— —

™

the reaction l5 N(e.t<,)e' ,2C. A virtual photon analysis was used to extract the photodisintegration
cross section from the eiectrodisintegration data. Comparison of this cross section to the cross
section at lower excitation energies shows that the 15N(r.t0) strength is concentrated in the region
between 16 and 21 MeV. Comparison of the (y ,t«) cross section with those of other photodisinte-
gration channels suggests an isospin separation energy of 6 MeV.

V- 60

«
J3
3.

S 40

20

i

40
i

x
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31

*
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'

3 20

9
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-i-

f_ »

- I

I

20 22 24

1

J
. 1 1

f 'v,

E
x(MeV)
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Fig. 2. The 90“ cross section for the reaction l5
N(y.to) ,:C.

The solid curve is obtained from ref. 1 1 using detailed balance.
The ground state cross section is given by the closed circles. The
inset shows the non-ground state cross section in which transi-
tions to the first two excited states in ,2C are kinematically
allowed.
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ref.

METHOD

EL EM. SYM. A

15

REP. NO.

80 Sh 2 ho__

REACTION *£SULT
‘’XCITATION SOURCE DETECTOR

ANGLE
ENERGY TYPi RAN <SC TYPI RANGE

G,G ABX 6 D 6 NAI-D UKN

(6.324) (6.324)

Abstract; The temperature dependence of the resonance scattering cross section a, of the 6.324 MeV FUNCT. OF TEMP.. 6.324
photons from 1SN in the form of BN and NH 4CI was measured in the range 78K-640K. Using

these data the effective temperatures T, of the N-atom in the two compounds as a function of the

temperature T was deduced. At T = 293K. we obtained Tc = 561 ±28K, and 521 + 57K. for BN
and NH 4C1 respectively. The values of Tt and the variation versus T were reproduced theoretically

by co isidering the Doppler broadening of the nuclear level, caused by the motion of the N-atom, and

described by the frequency distribution function of the lattice in the two compounds. The efTect of

the values of Tt on the determination of the radiative width of nuclear levels ts discussed.

NUCLEAR REACTION 15
N(y, y), £ = 6.324 MeV ; measured temperature dependence of

a. Deduced effective temperatures. Natural BN, enriched NH^Cl targets.

T(°k)

--Mg. 3. Absolute scattering cross sections <r, of the 6.324 MeV photons from ' 5N in the form of BN and
jH 4 C1. The scale of Tc is also given. The solid lines represent theoretical values of 7^ (and hence of trj

obtained using the function </(v) given in figs. 1 and 2 respectively.

1

5

N(y, y)

Fig. 4. Calculated scattering cross set ion a, of the 6.324 MeV photons from l5N as a function of Tr
as obtained using eq. (2) with the parameters; a = 79.5 eV. f = To = 2.S eV, di = 96 eV, taken

from ref.
7
).
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Tabu 2

Measured relative scattenng intensities l T / 2f3 of the 6.324

temperatures

MeV photons from l5N at vanous

NH.CT BN

77K) Iti Ii»i r,(+ 10 °i)
7TK) 29J r.(+ 5%)

78 0.754 433 78 0.928 522

293 1.000 571 293 1.000 561

343 1.059 605 348 1.047 589

364 1.096 627 460 1.123 633

374 1.104 632 558 1.202 682

407 1.140 654 663 1.295 740

461 1.193 687

513 1.226 708

The expenmental value of T. was deduced using fig. 4.
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METHOD

EL EM. SYM.

N 15

HEP. HO.

81 Mo 1

z

hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.G LFT 6-10 C 10,11 SCD-D UKN

(10.3,11.4)

The ground-jute radiative widths of nine levels below 10.2 MeV in
13N were measured using resonance

fluorescence. The results are compared with various theoretical predictions and are found to best agree with very

recent unpublished calculations in which the full lAu configurational basis is included in constructing the wave

functions of the
l5N levels.

[NUCLEAR REACTIONS 15
N(v,y'), £ = 10.3, 11.4 MeV bremssirahlung. De-j

|_
duced Eg, IV Li isNOj enriched target. J

9 LEVELS

TABLE I. Measured widths and excitation energies In
15N. The values of J* and r

0
/T were

taken from Refs. 1 and 17.

Ex
(keV) «

T *

Present

r»

(eV>

r
0
/r*
(%)

Others

r„

(eV)

r *
1 0

(eV)

Theory
r f
1

0

(eV)

To*
(eV)

S 323 * 1 T 3.121:0.18 100 3.2 ±0.3 13
2.8

7 301 * 1
3*
T 1,08±0,08 99.3±0,7 2.4 ± 0.9 c

0.2 1.1 1.0S

8310±4 l*
7 0.3 ±0.2 79 ±2 0.005 0.006 0.26

8 575 ±4
3*
T 0.3 ±0.3 33 ±2 0.32 0.07 0.41

9 048 ± 1 f 1.2 ±0.2 92 ±2 2.6 0.78

9 150 ± 1
3
“

T 0.47 ±0.12 100 0.3 ±0.8

9 760 ± 1
5
"

T 0.21 ±0.07 81.5±3 0.20 = 0.5° 0.004

9 924 ± 1
3®
2 1.6 ± 0.2 s 77.6 ±2 1.12

1 0 064 ± 1
3*
ir 6.3 ±0.4 96.0± 0.7 0.11 2.6 5.5

1 Reference 1.

“ References 6 and 8.

c Reference 7.
d Reference 9.
13

Reference 4.
f Reference 14.

* Reference 12.
h
"The measured width was obtained by assuming that J = = and identification with the theo-

retical. (J") 2
model state.
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REP J.W. Jury, B.L. Berman, J.G. Woodworth, M.N. Thompson, R.E,

K.G. McNeill
Phys. Rev. C26 , 777 (1982)

METHOD

Pywel 1

,

EL EM SYM. A

N

REF. MO.

Z

15 7

82 Ju 2 egf

reaction RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE HANttt TVPt RANG*

G,1N ABX 11-38 D 11-38 BF3-I 4PJ

G,2N ABX 21-38 0 21-38 BF3-I 4 r,
J

G,SN ABX 11-38 D 11-38 BF3-I 4PJ

Photooeutroa cron sections involving the ccnmion at aea and two neutrons from l5N
have been measured over the radiation energy interval from threshold (10.8 MeV) to 38

MeV usin^ monoenergetie photon* from the aiunholfstion in flight of fast positrons. A very

broad giant dipole resonance extending from about 16 to 30 MeV was observed, with a

maximum (/,«»«) cross section of about 11 mb at 23.3 MeV. The magnitude of the mea-

sured average photoneutron energies shows that most of the strength below 13 MeV decays

to the ground state of
14N, whereas most of the strength in the giant resonance decays to

excited states. Comparison with particle-capture cross-section data indicates that

multiparticle-raultihoie interference effects probably account for some of the pronounced

intermediate structure observed above 16 MeV in the (y,/t) cross section. Comparison with

a recent sheil-modei calculation favors the use of a Tabakin potential over a 5-function

force with a Soper exchange mixture, in marked contrast with recent corresponding results

for
!3C and I70. Features of recently measured photoreaction cross sections for the l2C,

!3C, ‘*N,
l5N, “0, 17Os and “O nucid ar? compared as welL

NUCLEAR. REACTIONS l!
N(y,n), £.,=*10.8-33.0 MeV; measured

4ir neutron yield for tnonoenergetic pliotons; (Erj
In), (E^ln ), integrat-

ed cross sections; comparisons of results with other reaction channels

and with cross sections for neighboring nudes; comparison with sheil-

modd theory.

FIG. 2. The average energy of the emitted photoneu-

trons is plotted as a function of excitation energy in
!3N.

These average energies were determined from the ring

ratios. The light solid lines represent the statistical un-

certainty associated with the ring-ratio measurement.

The dark line represents the neutron enogies expected if

all transitions were to the ground state of UN.

10 15 23 2S~ 30 35 40

Photon «nvrey <MeV';

FIG. 1. Photoneutron cross sections for
15N. Par: (a>

shows the total photoneatron crcs3 sec on

(r(Y,n,g,)=zai<Y,n)+(Y,pn) +(y,an)+(y,2n)];

TABLE IL Integrated cross sficaao for !5N.‘

Reaction
f ad£r

(MeV nib)

<r_i= JaEr
~ idE

f

(mb)

cr_ 2
=s

j
aEr

~ 2dEr
(mbMeV -1

)

(y, In) 98.4 4.38 0.208

(y,2a) 7.6 0.26 0.009

(y.Bw) 1059 4.63 0.216

‘From threshold to 38.0 MeV.

part (b) shows the single photoneutron cros., section

<riy,//t)=o'((y,«H-(y,pr»)4-(y,cw)]
;

I
i (c) shows air, 2k). The plotted nor Hags h axe

the statistical uncertainties only. The threshold er> ies

for the (y,n) and (y, 2/s) reactions are indicated by a vs.

Other photorractiott threshold energies are given in cabie

L
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Photon energy (MsV)

FIG. 3. Integrated photoneutron cross sections for
,5N are plotted as functions of the upper limit of in-

tegration. Part (a) shows the integrated cross sections

fviEy )dEr for the (y,2n) reaction (bottom curve),

the (y,ln; reaction (middle curve), and their sum, the

(y,*w) reaction (top curve). Integrated cross sections

over any desired limits can be obtained from these

curves by subtraction. Parts (b) and (c) show the

energy-weighted moments of the integrated cross sec-

tions

ff_i = f <JiEr)Er~'dEr
and

<r_2= f criEr)Er
~ 1dEr ,

respectively.

FIG. 4. The present total photoneutron cross section

of Fig. Ha) is shown with expanded scales and com-
pared with the recent ground-state data of Weerier

et al.

13
This shows that aiy.rt0) constitutes only a small

pert of cr< above —17 MeV. [Only those points
from Ref. 12 for which angular distributions were mea-
sured are plotted here; their 90* excitation function
shows more detailed structure (see Table III).]

I2S. A. Wender. H. R. Weller, N. R. Roberson, D. R. Til-

ley, and R. G. Seyler, Phys. Rev. C 25. 89 (1982).

82 We 3
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S.A. Wender, H.R. Weller, N.R. Roberson, D.R. Tilley, R.G.

Phys. Rev. C25, 89 (1982)

Seyl er

METHOD

EL EM. SYM.

N 15

REE. HO.

82 We 1 hg

REACTION RESULT
EXCITATIOM SOURCE OETECTOR

angleENERGY TVP| RANGE TYRE RANGE

N,G ABX 16-24 C 5-13 NAI-D DST

(5.6-13)

The 14N(n,y0)
l5N reaction has been studied over a neutron energy range of 5.6 MeV to

13 MeV. Data include a 90* excitation function measured in 200 keV steps, and seven

angular distributions. The angular distribution data show good agreement with the re-

sults of a phenomenological direct semidirect model calculation. No non-£l radiation is

required to account for these data. The cross section as a function of energy is similar to

the l4N(p,y9 )
l50 reaction and different from the

14
C(p,yo)

lsN reaction. These differences

can be understood in terms of the different isospin states allowed in each reaction.

NUCLEAR REACTIONS uN(n,y0 )
l5N. measured (HE, 9) from

£.=5.6— 13.0 MeV, DSD model calculations, results compared to

14
C(/7,y0 )

15N and 14N(p,y0 )
ls
O.

s FIG. 4. Cross section at 90 deg for the
,4N(* v0 i

2s 'a g £ reaction as a function of incident neutron ener

g S J u error bars shown represent only statistical errors.

9
l o|

,4 N(n.% )’
Sh

Se.m.(d«9>

FIG. 5. y-ray angular distnbutions for tl -
l4N(n,y0 ) ’N reaction. Curves are the results ot Legendre oolyr.omial fits u.s. ocrartment of comi« ,• &

. . _ . . ,
IAVIONAL lURKAUOr STA' T>A»OS

to the data* Error bars represent statistical errors.
*] g -j



RE ,. S.A. Wender, H.R . Weller, N.R. Roberson, D.R. Tilley, R.G. Seyler

Phys. Rev. C25, 89 (1982)
EL EM. SYM.

N

A

15

z

7

methoo REF. NO.

82 We 3 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANOB

N,G0 ABX 16-23 D 6-13 NAI-D DST

The rmrfirm h

13 MeV. Data include a 90* excitation function measured in 200

angular distributions. The angular distribution data show good a;

jults of a phenomenological dii-ect semidirect model calculation.

keV steps, and seven

freement with the re-

Nn non-lH radiation ia

required to account for these data. The cross section as a function of energy is similar to

the
l 4
N(/>.ro)

l 3
C) reaction and different from the

l4C(p,y0 )
l5N reaction. These differences

can be understood in terms of the different isospin states allowed in each reaction.

NUCLEAR REACTIONS : 4
N(n,yo)

l 5N, measured cr(E,9 ) from

£, = 5.6— 13.0 MeV, DSD model calculations, results compared to

u
C(p,r0 >

l5N and l4N(p,y0 )
l3
0.

FIG. 4. Cross section at 90 deg for the
l4N(n,y0 )

l5N
reaction as a function of incident neutron energy. The
error bars shown represent only statistical errors.

,4 N(«.£) isN

FIG. 5. y-ray angular distributions for the
l4N(n,y9 )

l5N reaction. Curves are the resuits of Legendre polynomial fia

to the data. Error ban represent statistical errors.
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REF .
G. Strassner, P. Truol , J.C. Alder, B. Gabioud, C. Joseph, J.F. Loud

N. Morel, A. Perrenoud, J.P. Perroud, M.T. Tran, E. Winkelmann,

W. Dahme, H. Panke, 0. Renker, H.A. Medicus

Phys. Rev. C20, 248 (1979)

fe-EN. SYM.

N

A

16.

z

7

METHOD REF. NO«

79 St 8 hg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANG! TYPE RANGE

PI ,G
'

SPC 128 D- *200 MGP-D 90

The photon spectra from the reaction
l60(tr~,y) 16N and "0(ir-,y)‘*N were measured with a high-resoiution

pair spectrometer. Transitions to 2" states having 7 = 1 in
l6N and T = 2 in "N appear to dominate.

Excitation of 1~ states in the giant dipole resonance region, which are the analogs of the levels excited in

photoabsorption and inelastic electron scattering on l40 and "O, respectively, were also observed. The total

and partial branching ratios for bound states and giant-resonance transitions are compared with shell-model

predictions. Higher admixtures to the predominantly Ip-lh wave functions are found to be necessary to

obtain agreement with the measured branching ratios. A new treatment of the continuum and resonance

excitation, based on calculations of Ohtsubo it al„ is compared with the data.

NUCLEAR REACTIONS Radiative pion capture; measured photon spectra for
16
0(ir* ,y )

1S N and lsO(x* , y )
1SN; deduced transitions and transition strength with

J T=1~

,

2* and T = 1 and 7 = 2 respectively; comparison with shell-model cal-

culations.

*MEV/C , PI=PI-

-o -S
'JZ Q '/)

flj g
.
-5

O ^ u
2 O §

.5 s;
2 | i
2 .Q *

9-h S

't=
° O 2

o £ 2 -
_ o
£ « i; e
1-5 ii

51 ^ -

Q, W

.

'0
n m

d o

S 'i

TABLE I. Experimental parameters for radiative pion capture l60(Jr”,y) 18 N. Comparison of deduced excitation ener-

gies with levels seen in other reactions and assigned spins. [7-1; all energies in MeV.l

16OUV/) ls
!'

16
0ty,n)

15N b l6
0(y,/»

1SN C I5N(p,y„)
16O d l5

N(/»,y 3
-
iS . 1

ji
tsO* e

c*
~ 7

£,i
16
N) £ t (

ls
O> £,(

1S 0) J" E,(
lfi
O) J’ £,(

lsO) J* £x(
16
O) J" £ x l

,6 0> J*
123.0 0- 12.98 12.93 2"

123.9 4.1 ±0.2 17.1 ±0.2 17.14 1’ 17.3 1" 17.3 1" i7.i3 r
17.28 1'

123.2 4.3 ±0.2 17.7 ±0 ,2 17.60 2"

121.7 6.1 ± C 2 19.0±0.2
19.04 2*

19.50 1^
19.3 1" 19.0

19.5

1“

1“
19.02 1"

19.52 1" 18.S8 —2, 3, 4

120.5 7.5±0.2 20.4 ±0.2 20.36 2" 20.9 1* 20.85 1" 20.945 1" 20.40 2"

118.3 9.1 ±0.2 22.2 ±0.2 22.30 1" 22.2 1" 22.16 1“ 22.146 1*

116.9 11.1 ±0.2 24.0*0.2 24.20 1" 24.05 1" 24.04 T
~

24.065 1"

115.8 12.2 ±0 2 25.2±0.2 25.20 1" 25.0

25.5

l"
1
*

A
25.117 1"

114.5 13.5 ±0.2 26.4 ±0.2 26.3 1"

Reference 16
b Reference 10-13.
c References II), 14, 15.
d Reference 17.

* Reference 18. . ,

(over;

fobm N3S-413
I F £ V . 7-14-
USCOMM.OC 36010-P64

U.3. DEPARTMENT O* COMMEP.Ci'
N*T'ON»L BUREAU C= Sr.Vf.ClSCS
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TABLE II. The experimental partial branching ratios.

V V Ry X 10' 4 ' R y
M0*,d Remarks 4

Resonance contribution

123 3 6421: 62 14.5* 1.6 15.0* 3.0 No separation of 2", 0”. 1", 3"

123.9 583 * 52 2.3* 0.4 Line. •/' = 1"

123.2 605* 59 2.4* 0.4 Line, J* = 2"

121.7 1110* 64 4.4* 0.6 Line. J w = 2*

120.5

US.

8

3 773* 92

2 336* 81

15.1* 1.6

9.3* 1.2
25 * 6

BW, T= 85 keV, J r = 2'

BW, r = 220 keV, J w = 1*

116.9 1446* 96 5.8* 0.3 BW, T = 330 keV, J* = 1"

115.8 731* 92 2.9* 0.6 BW, r = 280 keV, =

114.5 894* 91 3.6* 0.6 BW, r = 350 ke V, J* = l*. 2*. (2')

Continuum contribution
r

125.5 11731*232 46.8* 5.2 Pole model, ,SN(E, = 0),

119.2 20 070 *252 120.0*13.0
134 *39

Pole model, '^*(£, = 6.3 Me VI, J r =\~

Total branching ratio

56 921 *481 227 *24 224 ±48

1 Photon energy in MeV.
b Number of events in spectrum.
c Branching ratio measured in this experiment.
J Reference 1.

' B’.V corresponds to Breit-Wigner level shape.

See text.

FIG. 2. The photon spectrum for the reaction
1,; 0(r* . y )

15N in the bound-state and the giant-dipolo excitation region.

Comparison of observed transitions with levels seen in
UN and ls

O.
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ref. G. Strassner, P. Truol , J.C. Alder, B. Gabioud, C. Joseph, J.F. Loud
N. Morel, A. Perrenoud, J.P. Perroud, M.T. Tran, E. Winkelmann,
W. Dahme, H. Panke, D. Renker, H.A. Medicus
Phys. Rev. C20, 248 (1979)

ev EM - SYM -

N

A

18

Z

7

METHOD REF. NO.

79 St 8 hg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

PI ,G SPC 128 D *200 MGP-D 90

The photon spectra from the reaction
,60(n-',y)“N and "0(ir*,y)“N were measured with a high-resolution *MEV/C, PI =PI-

pair spectrometer. Transitions to 2" states having T = 1 in
16N and T = 2 in '*N appear to dominate.

~

Excitation of 1“ states in the giant dipole resonance region, which are the analogs of the leveis excited in

photoabsorption and inelastic electron scattering on l60 and ls
O, respectively, were also observed. The total

and partial branching ratios for bound states and giant-resonance transitions are compared with shell-model

predictions. Higher admixtures to the predominantly Ip-lh wave functions are found to be necessary to

obtain agreement with the measured branching ratios. A r.ew treatment of the continuum and resonance

excitation, based on calculations of Ohtsubo at al., is compared with the data.

NUCLEAR REACTION'S Radiative pion capture; measured photon spectra for
16
0(tr* ,y)

16 N and ls
O(ir* , y )

13N; deduced transitions and transition strength with

«/
T =l*, 2* and T = 1 and T = 2 respectively; comparison with shell-model cal-

culations.

FIG. 4. Photon spectrum of capture in
,s O. Solid

curve is derived by folding the contributions of the pole

models, four Brett- V.'igr.er resonances and two lines

with the response function of the apparatus.
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0

A=1 5

OXYGEN

Z=8

Oxygen eluded early investigators although it is the most abundant

of the elements. A reference to oxygen (yhe), is found in a

Chinese book written by Mao-Kho'a in the eighth century A.D. The

topics of combustion and the release of oxygen by heating saltpeter
is discussed. The authenticity of the manuscript, however, is in

question.

The first European to recognize that air contains at least two

constituents was Leonardo da Vinci (1452-1519) who noticed that air

is consumed, but not completely, in respiration and combustion.
The discovery of oxygen is generally attributed to C. W. Scheele
who, in 1772, obtained it by heating metal oxides. It was
discovered independently in 1774 by Joseph Priestly (1733-1804) in

England. Priestly's results were published before those of Scheele
because Scheele's publisher had been inexcusably negligent.
Antoine-laurent Lavoisier (1743-1774) was the first to recognize
oxygen as a chemical element. He called it oxyg£ne from the Greek

( oxys+gen

)

"for acid maker."

197
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Ref. S.G. Cohen, P.S. Fischer, E.K. Warburton

,
Phys. Rev. Letters (1959)

Elem. Sym.

0 15

Ref. No.

59 Co 2

Notes

Method Princeton FM cyclotron; Nal
JOC

Reaction

iAp/v,,)

E or AE

E =
X

19-25

ad E J "

k " (f) I, -
*90

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS

form NBS-418
( 8 - 1*6 3 )

USCOMM-OC 185S6-P63
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Ref. S.G. Cohen, P.S. Fisher, E.K. Warburton
Phys. Rev. 121. 858 (l96l)

Elem. Sym.

0 15

Method

Synchrocyclotron; Nal
Ref. No.

61 Co 1 JH

Reaction E or AE
S"

dE

[24.6

7.7
' 18.7

MeV-rnb

J n Notes

(P,70 ) 12-19.5 This proton energy range corresponds
to y exception range 18-25 HeV.

Little indication of giant resonance
structure.

Integral cross section value for

(7, PQ ) was obtained from data in

Figure

I he liiiTercntiai crus* section ai '*)• for the * ra> - kaoir.i:
-• ground slate of 0“ from the \ 4 v- ‘ reaction ti :hr
•* have an isotronic distribution relative '•> the t»r< t .n ’.ram

.. ate stale •.'ives the total cro-% section

I L- „ 1

“I

GiVViY - ^ AY E\£-Q ‘3’r V£ .

•
.

-

.
-*r>us ra\ .er^. •' n *.rc. *.•'* • -t

M'» - V '.-a. /.a. • i.aruc r->m *

S *
U“

•• .V . .r.e .» i c . * rot n Usiril.a

ion •»! the m. > n ,
..»

, iv • n« *’i *ct 1‘- :• :icf iur.

I is. ^ - '‘.v ;a» ' •-» «»".:••• v -j.. . ere>

|| III.IM. r';-. \ MfirV' *• « ‘ r*i» •- reiereif*-
*

u.s. department of commerce
NATIONAL 3UREAU OF STANQAROS

form NBS-418
< 0 - 1-031
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Ref. G.M. Bailey,, D.F. Hebbard
Nuclear Phys. k6, 529 (1963)

Elam. Sym.

15

Ref. No.

63 Ba 2

Method Cockraft-Walton; y-ray angular distribution; Nal

Jffi

Reaction E or AE <7d E J n Notes

n
i4

(p,y) 0.800 8.02 P
o
(cos0)-(o.Ol±O.O7)P

2
(cose)

Ground state transition is 19±3%.

; N0N-RE30NANT

:.i7

2.8' 186. '231

J 85r ^5 73 •

,5 2-1
'

'S'li

MeV

)

1 ASLE I

angular distributions and relative intensities

Gamma ray energy

< McV)
Angular

distrioution •»

Fig. 3. The experimental points and the least

squares tits lor the angular distributions

fat £„ = .*00 keV) in the lour energy regions

denned in fig. - are shown in this diagram. A
iime-dependent background has been subtract-

ed. and correction made tor radiation from a

beam-defining aperture iby a separate run with

a blanx 'argeti.

— ccc-

P, -lO.OI -O07 »P

P, - IO.O0 -0.03 IP

P., -lO.OZ ‘».I5)P

P.
t

- 0.03 - 0.30IP

Relative intensity -1

mean value

Id-3
55 -3

Fig. 4. The full lines on this energy level dia-

gram of O 15 indicate the non-resonant "-ray

transitions whose angular distributions are

measured.

*
» Correction has been made lor the smoothing cnect ot me non-zero sonu angle ot the d.

) The relative intensities were measured at £„ SIX) keV in the region ot non-resonam >

and have been corrected lor the V A tp. •-
» radiation identified. .A mean value is taken :or

ntensitics ontamed from spectrum peeling of fig 1 and from the P. coefficients extracted

angular distribution analysis. The errors uuoted reiiect the agreement 01 me two meinoos.
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J*6F.

A.E. Evans, B. Brown and J.B.

Phys. Rev. 149 . 863 (1966)

METHOD

Marion

ELEM. SYM. *

0

REF. NO.

Z

15 3

[Page 1 of 2] 66 Ev 1 JDM

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P.G SPC 5 - 9 D 1-2 NAI-D 1 - 10 DST

Table III. Decay properties of the 8.2S-MeV level of 0“.

Energy
(MeV, Interpretation Tr yield*

Angular
distribution r, (eVQ*

Assumed
multipolarity

Strength
(Weisskopf units)

$.29 8.2S — 0 53.S =0.25 1 — (0.035—0.02, Pj 0.531 £1 0.0017
3.04 $.2$ — 5.24 42.7 =0.5 Isotropic =1% 0.405 .1/1 0.37

2.11 $.28 — 0.1$ 2.2 =0.6 0.021 £1 0.04
1.43 $.2$ — 6.86 1.16-0.3 0.011 £1, 3/1 0.0055, 0.055
1.61 6..S6 — 5.24 1.37=0.3 £1, 3/1
5.25 5.24 — 0 44.3 r=0.5 Isotropic =2% 3/2
6. IS 6.1$ —0 2.2 =0.23 3/1

Xooresonant components
1.50 to 6.79 l.S =1.0' sinJ8(d) 3/1
6.79 6.79 — 0 0.3 =0.35 £1
1.09 0" (A-/) I

riT ~sinJ0

• '70 of decay of tt.2S-MeV level.
0 j-iased on me absolute measurements of Duncan and Perry iRef. 5).
« At -i 5°.

1 Reference 26.

X 5

*

5 4 4 4 5 ' a yi-. S

1

i/>

3/7- . ]/ 2
• 0/2(m
• t/r*

• 3/7*

• 7/2 (-)

5/2.V2
0/>

form NBS-418
(REV. 7-1 4-641
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A.E. Evans, B. Brown and J.B. Marion
Phys. Rev. 149. 863 (1966) 0 15 3

METHOD

[Page 2 of 2]

REF. NO.

66 Ev 1 JDM

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE R AN GE

Table IV. Decay of the 8.915-MeV level of 01S
.

Energy
(MeV) Interpretation

Relative

yield (°/c)

Angular
distribution I\ (eV,»

Assumed
multipolarity

Strength
(Weisskopf

units)

S.C2 8.92 — 0 21=2 l-r(0.31=0.08)Pj 0.056 £1 0.0022

3.75 8.92 — 5.19 23=6 0.094 .1/1 0.038

2.7-1 8.92 —* 6.18 30=3 0.094 £1 0.009

r.6i

5.19

6.18

0.79*

8.92 — 6.79-6.86

6.86 — 5.2-1

5.19 — 0
5.2-s — 0
6.18 — 0
6.79 — 0

26=3
23=1
55=4

23±4
6=4

Isotropic

1- (0.26+0.2)P,-i-(0.1=0.2)i,
4

0.069 £1, MX 0.014, 0.14

• N'or.resonaat.
a Based on the absolute total width given in Ref. 5.

Table V. Decay of the 8.972-MeV ievci of 0 li
.

Energy
(MeV) Interpretation 7c >oeid

Angular
distribution l\ -,eV)

Assumed
multipolarity

Strength
(Weisskopf

units)

8.97 8.97 — 0 93.4 1— 0.053 =0.03 )P 0.74 .1/1 0.025

3.79 8.07 5.io 5.9
t ( 0.0004=0.03)7* 4

0.046 £1 0.0018

5.19

6.79

6.18

5.19 — 0

6.79 — 0
6.18 — 0
8,97 — 6.79)

>8.97 — 6.18)

5.9

0.50)

01.25)

<0.004-

0 .002 ,

£1

AT
.1/1

0.0008)

0 .0022 )

form NBS-418
(R EV. 7-1 4-44)
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A. E. Evans

Phys. Rev. 1047 (1967)

EL EM. SYM. A

15

REF. NO.

67 Ev 1 JOC

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G LFT 9-10 D 1-3 NAI-D DST

Table I. Comparison of measured energies and widths of

the 9.49- and 9.60-MeV levels of 0“.

9.49-MeV level 9.60-MeV level

Reference Reaction Em (MeV) T (keV) Em (MeV) T (keV)

9 N'*(*.7)0>* 2.356 d:0.00S 14 ±4 2.489 ±0.007 11 ±3
10 2.36 2.49

11 N»0>.#)N‘* 2.349 ±0.003 8.3 ±1.3 2.478 ±0.004 11 ±2
12 N«<*,p)N» 2.330 ±0.027 11.3 2.478 ±002 9.7

ThJa work N»(^,t)0'* 2.352 ±0.003* 10 ±2 2.480 ±0.003*> 13 ±2

• Based upon C»(*.7)N“ 1.7476 MeV (Ref. S).

Table II. Decay of the 9.49-MeV level of 0“.

Ey
(MeV) Interpretation % yield

I\
(eV)*

Assumed
multi-

polarity

Strength*

(Wcisskopf
units)

9.49 9.49 —

0

86 2.1 £2 14

4.27 9.49—5.24 6.5 0.15 FA 0.11

3.31 9.49— 6.13 0.7 0.02 371 0.03

2.75 9.49 — 6.86 3.4 0.08 FA 0.H2

2.24 9.49— 7.28 5.1 0.11 £1 0.06

0.18 6.18 — 0 Obscured
5.24 5.24 — 0 13.4

2.04 7.28 — 5.24 3.7

1.62 6.86 — 5.24 3.1

• Assuming*./" • | ‘ and uf. *2.4 eV (Ref. 9) for the 9.49-MeV level.

Table III. Decay of the 9.60-MeV level of 0“.

Ey
(MeV) Interpretation % yield

rT

(eV)*

Assumed
multi-

polarity

Strength*

(Wcisskopf
units)

9.60 9.60 — 0 79 4.0 371, £2 0.25
4.38 9.60—5.24 19 1.0 £1 0.07
3.424 9.60 — 6.18 2 0.1 371 0.14
6.18 6. 18-0 Obscured
5.24 5.24 — 0 19

* Assuming wf-y -3.3 MeV (Kef. 9) and J 9 -3/2* for the 9.60-MeV level.

FORM NBS-418
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REF
- H. M. Kuan

?
M. Hasinoff, W, J. O'Connell, S* S. Hanna

Nucl. Phys* A151
? 129 (1970)

| EL EM. SYM ! A

15

method i

REE. NO.

F Page 1 of 41
i

70 Ku 1 egf

reaction RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RAN Sc TYPE RANGE

P,G ABX 11-24 D 2- 19 NAI-D 3-24 DST

(2.2- .19.

Ex (

,9
0) (MeV)

f- 7. The 90s
yield curve of ‘*N(p,Xo)

l3 0- The energy scale below Ev = 4.4 MeV is doubled in order to display the fine structure. The arrows

mark energies at which angular distributions were measured.

Table 1

Resonances and prominent structure observed in
' *N(p,y0 )

lsO

E.

(MeV)
4(' ?0)
(.MeV)

r
(keV)

J” E.

(MeV)
£,(

150)
(MeV)

r
(keV)

y*

2.552 9.49 10 r 5.9 12.79 « 250
2.36 9.50 300 r 6.6 13.45 =s 1000 <*. r>
2.4S0 9.60 13 \- 7.05 13.37 = 150
3.39 10.45 50 8.4 15.1 ~ 1000 (i*. r>
3.95 10.98 100 10.3 16.8 = 1000 ir. r>
4.20 11.20 40 i* 11.9 18.4 i 1000
4.58 11.56 150 14.2 20.5 ^ 2000 <r.r>

15.8 21.9 % 2000 (*M*)

:

over
FORM NBS-418
IR EV . 7*1 4*44)
USCOMM-OC 26010-PC4 PHOTQNUCLEAR DATA SHEET 205

u.s. departmentof commerce
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Page l of 4 l 4
N(p,r

0
)'
5
o

0
1.0

0.5

0

1.0

0 5

0

1.0

0.5

c

1 0

0.5

0

1C

0 5

\ 2.48

2.55

i . i . i -I 4 » , 1

- ^N^ 18
-

1 . 1 4— 1

‘
>'*’'V
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-

1 . 1 . 1

_ ^^-V^2.09

»
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* i
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|

2.40
_

si. 4 35

i. .1

X"N,'026

V X :
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.
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^_^£35. ^.<0_
*

/A 9 55
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i.i.i

. ^*“^4 30.

i i J i

-+^^^£30 . j-r— 5 65 36

:

!
.

|
1

»^£27. . x^^-V 6 - \ 6B

;
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S .

r 1 1 1 1

—

1 1

—

17 93

x :

L * - «

30 90 150 30 SO i50 30 90 i50 30 ?0 150

DEGREES

Fig. 8. Angu! r 1 islri bulions of 1

4

N(p, yu)‘ ‘O plotted in units of l//1 n . where .lu is obtained from

the least-squares fils to H'(0) /•„(!

40
9.4 9.6 12

Ex (

i 5
0) (MeV)

20 24

20

<
sr

+ 0.2

0

- 0.2

+ 0.6

0.4

0.2

0

- 0.4

- 0.8

2 2 2.4 £6 4 14

E
p

(MeV)

Fig. 9. The coefficients A 0 , ‘h and a : for 1

4

Nip. ;'
0
)‘ "O obtained from least-squares fits to H'<0) =

,1 o C 1 -b -ii*P„) w ith terms up to and includi-g P : . The solid angle subtended by the detector attenuates

.j; by about 3 %.
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H. M. Kuan, M, Hasinoff, W. J. O'Connell, S. S. Hanna

Nucl. Phys. A 151 . 129 ( 1970 )

|
EL EM. 5YM.

Page 3 of 4
j

15

REF. NO.

70 Ku 1 egf

REACTION RESULT
excitation
ENERGY

SOURCE oetector
ANGLE

TYRE RANGE TYPE RANGE

E*('
S
0) (MeV)

94 96 12

*04 —

0.2
t;

:

16 20 24 9.4 96 12

1 1
i

1
1

1
I

f"

* - * i * * { i

20 24

J i-
i t *{•

t » i *
*

{
* {

-0 2 }-

*02
r ,i

1 a 1

,
*

o o;— i rH*
• i r

!

4

-0 2 -

-0.4

Ll i, ,i i I
’ill

2.2 24 264

i y

i—

•
• • • * ••1• i » • • •

. •

-

t - -
t .

f

f i
i:

J 1 I ! L

Ep (M«V)

16 *02
r 0
-0.2

* i:

•
#

\ • • * •
# * IT *

-

•
•

t l L

,
i

• * • c • t 1“

1 . ! . 1 . 1 . 1 . 1

•

1 I
i

4 3 12 16

Fig. 10. The coefficients a, for 14
N(p,-/o)

>30 with terms up to and including Pj and ?*.

over]
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/Ib/4vw

Fig. 11. Comparison of (p.-/0 ) reactions on 10
B, "B [ref.

i:
)J,

,JC [ref. ”)), MN and 13 N
[refs.

'*• ,S
)J.

12
J.F. Eichelberger, G.R. Grove and L.V. Jones,

Mound Lab. progress report MLM 1160 ( 1963)
5
Mi-

amisburg, Ohio.
lJ

C.J. Christensen, A. Nielson, A. Bahnsen,
W.K. Brown, B.M. Rustad, Phys. Lett. 26B . 11

(1967)

.

1
“F.E. Emery and T.A. Rabson, Phys. Rev. 140 .

A2089 (1965).
~ J

R.J. Blin-Stoyle, to be published.
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ii£F.

G.W. Phillips, P. Richard, D. 0. Elliott, F.F. Hopkins,
A. C. Porter

Phys. Rev. C5, 297 (1972)

- _ c.M. a f M.

0 15 8

METHOD REF. NO.

72 Ph 1 hmg

EXCITATION
SOURCE DETECTOR

REACTION RESULT ENERGY TYPE RANGE TYPE RANGE
ANGLE

P.G ABX 10-13 D 3-6 NAI-D 90

(10.91-13.02) (3. 7-5.3)

E.lMfV)

FIG. 1. Excitations for uN*p for £, = .). 7 to 5.5 MeV.
The y 0 resonance decay (to the isO ground state) is given

in the top figure apd the (p,p' y2 3I) resonance decay
(through the UN 2.31-MeV level) is given in the lower

Sgure.

(over

)

form N3S-418
(REV. 7-1 4-64)
USC OMM-OC 26010-P64 PHOTONUCLEAR DATA SHEET 209
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TABLE I.
,sO levels from u ti(p,p'y) and HN(p, y)

E,‘
(MeV)

E, *

(MeV)

r h

(keV)

r *
1 0

(keV)

r,
e

(keV)

r:
c

(keV)

r
r

(eV)

3.903 10.936 99 39 60 14 ±3

3.996 11.023 25 21 4 1.4 ±0.4

4.203 11.216 40 *4 4- o H 4- 5 .2 ± 0 .4

4.38 11.57 20 ±15 20 ± 15 0.7 t02
4.63 11.61 80 ±50 80 ±50

4.773 11.747 99 95 4

4.877 11.845 65 60 5

5.03 11.99 20 ±5 20 ±5 0.2 ±0.1

5.18 12.12 200 ± 50 200 ± 50 3 ± 1

5.28 12.22 100 ± 50 wk.

5.547 12.467 77 1.3 ±0.4 0.4 ±0.1

5.937 12.831 16 str.

6.123 13.004 215 ±30 str.

6.141 132)22 40 ±30 str.

* Uncertainty of 3 keV (20 keV) In energies given to 1 (10) keV.
b Uncertainty of <5% unless given otherwise.
c wk„ observed weakly; str., observed strongly.
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M. H. Harakeh, P. Paul, H. M. Kuan, E. K. Warburton
Phys. Rev. C12, 1410 (1975)

; EL EM. SVM. - A

15

RE". NO.

i 75 Ha 6 hmg

REACTION
1 F X Cl TAT ION

SOU RC

E

DETECTOR
ANGuERESUL T ENERGY TYPE RANGE TYPE RANGE

P,G ABX 24- 34 D 17- 29 NAI-D 90

ic V
e" o
2 ~

v
= ?

£
1

ii ^

^ l
.s

^

C/) Sh q
*

C O £ ?
O s ^ a

« * >> S^ •
-t! «o

n K /) 3

« = I £
,

s: ^

* =c

§ 1

FIG. 6. Comparison of the experimental results from the
15
0(y ,Po)

uN and lsN(y ,p 0)
l4C reactions and the theoretical

predictions from the 2h-lp model (case B). The data below 25 MeV in the top curve are from Ref. 4, the data points
at higher energies stem from the present work. The theoretical plots give the T = J and § components of the com-
puted integrated photoabsorption cross section proportional to £

r
I.B(£ll)J. Dashed and solid line3 indicate and

respectively. The top experimental curve should relate to the T = j part while the 15N(y ,p<j)
liC curve contains

2 ?
£

x "5

c a to

sr §— ^ ^

- *r? cj

c
LO

O £-
X a

*

O » S i^ l X ~
.So?- •= * i

6 ~ 5 C

-h o «

O *S
-

a -M i

d § ?

c |

2 Q '

o T

~ 4

_ z

CJ

both T components.

'O
r^o

Csl

<^>

CM

O I

CJ

Si
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ref. W. Del Bianco, J.C. Kim, G. Kajrys

Can. J. Phys. 56, 1054 (1978)
EL EM. SYM.

0

A

15

Z

8

METHOD REF. NO.

78 De 14 hg

REACTION RESUL T
EXCITATION
ENERGY

SOURCE DETECT O R

ANGLE
TYPE RANGE TYPE RANGE

HE,G ABX 16-23 D 5-14 NAI-D 90

(5.24-13.95)

The 90° differential cross section of the ^Cl’He.yol'-'O reaction has been measured at

’He-particle energies from 5.24 to 13.95 MeV in steps varying from 100 to 300 keV. The y rays

have been’ detected by a 23 cm long x 23 cm diameter NaKTl) crystal spectrometer en-

closed in an anticoincidence shield. The yield curve shows a resonant structure at the energies

HE=HE3, 5 LEVELS

£„t = 17.04 ± 0.06. 18.65 + 0.06. 19.55 * 0.08. 20.40 = 0.07. and 21.61 = 0.07 MeV.

La section efficace differentiellede la reaction l2C( 3He.y0 )
,5O aete mesuree pour des energies

des particules-3He allant de 5.24 a 13.95 MeV. Les rayons gamma ontete detectes par un crystal

de Nal(Tl) entoure d’un scintallateur plastique en anticoincidence. La courbe d'excitation

montre de la structure aux energies Etxc = 17.04 = 0.06. 18.65 + 0.06, 19.55 i 0.08. 20.40 r 0.07

et 21.61 =0.07 MeV.

Fig. 1. Experimental differential cross section at 0 L = 90' of 12C( 3 He.y0 )
nO reaction. The solid symbols are the experi-

mental points; the solid line represents a least-squares-fit to the data with five Breit-Wigner lines. Only the statistical errors

are shown in the figure. The 3He beam energies are the average energies in the carbon target.

Table 1. Fit of 12C( 3 He,y0 )‘ !O yield curve with five Breit-Wigner lines*

£*(lab>

(MeV) (MeV)
rC v,

(MeV)

co
r
- 2/^1

' (2/+l)(2S

(eV)

r.r.

DfcM

riII II u

6. 23 ±0.07 1 7 . 04 ± 0 . 06 0. 70 ± 0. 07 22.0 + 4.6 27.05+ 5.8
8.25±0.07 IS. 65 ±0.06 0. 52 ± 0. 11 9.9 + 4.5 12.4 + 5.7
9.38 r 0. 10 19.55 ±0.0S 0. 78 ± 0. 27 11.7 ±9.4 14.6 +11.7
10.45r0.09 20.40±0.07 0.97-0.24 22.6+ 12.4 28.2 +15.5
ll.S7±0.03 21.61 ±0.07 0.73±0. 12 17.7- 6.5 22.1 ± 8.2

•trt the expression for toy. the quantities J. 1. and 5 represent the angular momentum oi the resonance, the target
nucleus, and the projectile, respectively.

form NSS-418
‘REV. 7. I 4-64)
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Fig. 2. Experimental differential cross sections at 0 L = 90" of the ‘‘Nfp.Yo)' ’O and 1 J
C(-

5 He,Y„) l50 reactions. The solid line

represents the results of Kuan nr at. (9); the solid symbols are the results of this experiment.
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G. Ferguson, J. Hal pern, R. Nathans, and P.F. Yergin

Phys . Rev. 95_, 776 ( 1 954
I

EL EM. SYM.

16

54 Fe 1 rs
X

REACTION RESULT excitation
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G,SN ABX 15-25 C 16-25 BF3-I 4PI

The direct detection of neutrons from (y,n) reactions induced by betatron bremsstrahlung has been

applied to cross-section determinations using gaseous targets at approximately 100 atmospheres pressure.

Results from oxygen are consistent with other determinations. The remaining elements represent new

results and show the familiar giant dipole resonance for the photoneutron process. Parameters of the reso-

nances are determined and related to the systematic behavior previously reported for other elements.

Fig. 6. Photoneutron excitation function for ox>'Sen '

FORM N3S-418
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Ref
- J.G. Campbell

Australian J. Phys. 8, 445 (1955)

Elem. Sym. A

16 8

Method
"7

Li (p,7) reaction; 700 keV electrostatic generator; radioactivity
Ref. No.

55 Ca 1 EGF

Reaction E or AE
s
ad E

J n Notes

0
16

(Y,n) 4-00 -

700
MeV

17.6-

17-9
ct = 0.54-±0.14- mb

u.s. department of commerce
NATIONAL BUREAU OF STANOAROS

FORM NBS-418
(B-1-831
USCOMM-DC 185S8-P«3
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V sj

Ref. F.I. Havlicek, B. Dobovisek
Phys. Rev. 100 , 1355 (1955)

Method

plates; bremsstrahlung

Elem. Sym.

16

Ref. No.

55 Ha 1 EGF

Reaction EorAE ad E ] ft Notes

27 E . = 1^.5 MeV. Data for two falsoC?*
th ' ‘

55 bremsstrhalung energies not sepa-
rated.

ALPHA PARTICLE ENERGY (MEV)

Fig. 5. (A) Distribution of the 0 l * stai-s according to (top

abscissa scaie). The lower abscissa scaie indicates the corre-

sponding O li excitation energtcs. Energy distribution ot ail

the alpha particles from the 54 O l * stars.

form NBS-418
(8-1-43)
USCOMM-OC 18556-P03
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Ref. A. S. Penfold, B.M. Spicer

Phys. Rev. 100, 1377 ( 1955)

Elem. Sym. A

16

Method
Activation; Victoreen chamber behind 4 cm of Lucite at the photo-

protons of samples; Betatron

Ref. No.

55 Pe 1 EGF

Reaction E or AE d E J n Notes

(Y,n) 15.6-

23.2

Samples 58 and 97 cm from target.

tfdE^ - good to 15$ relative and 25$
n

absolute.

Figure 8 : Shaded areas indicate yield
not measured carefully or not measur-
ed at all.

Mt (ti* J2L («M

'—
‘tn

(•*>
J-l* Jm|-

L5.AS 0X046 0.12 0.81 0.41

16.03 0-040 1.02 4.19 237

16.47 0.027 0.69 1.63 L7J

16.75 ao4i 1.04 2.09 155

16.93 0.084 2.14 4.05 3.50

17.02 0.111 2.83 5-36 727

17.13 0.262 6.67 122 172

17.18 0.404 10-3 128 266

17.55 0.202 5.14 9.04 133

17.68 0.182 4.63 8.15 122

17.84 0.254 6.47 1127 172

18.04 0.039 1-50 2.66 402

18.70 0.094 2-39 4.47 674

19.01 0.130 3-31 6.43 431

19.18 0-396 10.1 193 3J
20-33 0.495 12.6 304 417

20.58 0.603 13.4 39.1 54J

20.79 0.617 13.7 413 5&J

20.93 0.837 21.8 584 S3-4

21-21 1-36 34.6 983 1429

21-52 0.833 21.7 64.1 9SJ

22-37 2.21 56-3 322

22-54 3.14 80.0
480

22.76 3.47 88.4
549

23.02 3.06 77.9
501

1 i

Fig. 5. Integrated cross sections of all levels

found in this work.

u.s. department of commerce
NATIONAL BUREAU OF STANDARDS

form NBS-418
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Eu EM. iff

J. Schmouker, P. Erdos, P. Jordan and P. Stoll

J. Phys. Radium JL6, lc9 (1955) 16

REF. NO.

55 Sc 2 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,NA ABY THR - 32 C 32 ACT-

1

4PI

G,T ABY THR - 32 C 32 ACI-cJL 4PI

Betatron run at 31.5 MeV. Yields measured relative

d ls O(Y,na) 11 C = 0.019±0.005 MeV-mb

to S5 Cu(Y,n) S4 Cu
S3 Cu(Y,n) S2 Cu

1.4 bam-MeV
0.7 bam-MeV

13 0(Y,t) 13 N = 0.06±0.03 MeV-mb

FORM NBS-418
(REV. 7-1 4- 64)
USCOMM-DC 2fl010-P«4 PHOTONUCLEAR DATA SHEET 221
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Ref. B.M. Spicer
Phys. Rev. 33 (1955)

Elem. Sym.

0 16

Ref. No.

55 Sp l

Method plates; gas target Bremss.
EGF

Reaction E or A E ad E J ” Notes

(y,p) 18.7 14.8 Proton yeild at 18.7 MeV Bremss. was
k X 10^ p/mole r.

Angular distribution of protons is
1 + cos2$.

ENERGY RELEASE (MEV)-‘S,.
s
(PROTON ENERGY)

I Enersy < list ril iu t inn of |>h<>to|irnii>ns l()()-kev Lins 1

Arrrm- indicate the energies of breaks found in the i-.m reaction

t reference + The backemund which ius subtracted is indicated

by the shaded histogram.

Reference Penfold and Spicer
(to be published)

FO RM NBS-418
ie-t-«3)
USCOMM-OC 1S5S8-P83

PHOTONUCLEAR DATA SHEET 222

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



Ref. W.E. Stephens, A. K. Mann, B.J. Patton, E.J. Winhold
Phys. Rev. ^8, 839 (195?)

Elem. Sym.

0 16

Ref. No.

55 St 1

Method
Plates; gas target bombarded with 25 MeV Bremss,

EGF

Reaction E or A E
S"

dE J ir Notes

Oy*p) Figure 1 :

40-50 tracks
MeV

to 5^526.5 MeV levels in N .

peak—-^transition
15

Figure 2 :

Peak at 14.5 MeV from work of
Spicer.

Group between 2 and 6 MeV in Figure
1 results from transition to 5*3 end

6.5 MeV states in N^-5.

r
j

*o-
^

^ Ot

1

1

'

'j

20-
° r f

20- $ 1

- -

xL 1
“l ~ J

’

i :
-

!_ .

Fig. 1. The energy spectrum of 11 ’j photoprotons from oxvgen.
The dashed curve shows the results of a shift of 0.1 Mev in the
grouping of the tracks and indicates that the structure is largeiv
independent of such grouping.

Fit. 1 . Cross section as a function "I energy for transitions to

the ground state of \_i The cross represent' the \alue reported

hv H. Uatfler ami S Voums. Uel\ I’hys. Acta 22. 014 tl '*40 ..

FORM H8S-418
(8-1-63)
USCOMM-OC 18556-P63
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Ref. L. Cohen, A.K. Mann, B.J. Patton, K. Reibel, W.E. Stephens,
E.J. Winhold

Phys. Rev. 104, 108 (1956)

Method o
90 plates; 25 MeV Bremss.

EGF

Reaction E or AE
S'

dE J n Notes

(y,p) Bremss.

25
19.6
20.6
22.4

60 MeV-mb

2 MeV-mb
2 MeV-mb

20 MeV-mb

Proton yield at 25 MeV Bremss. was
ij. .

11±5X10 p/mole r (corrected for angu-
lar distribution).

p
Iarget at 2 mg/cm .

Only ground state transition possible.

Fits 10 Photon absorption cross-section curve for the ejection

of photoprotons from oxygen obtained from Fig. 6 on the a*ump-

tion that the resultant N“ nucleus is left in its ground state.

form NBS-418
(8-1-63)
USCOMM-OC 10856-P63

PHOTONUCLEAR DATA SHEET 224
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USCOMM-OC I855fl-P«3

PHOTONUCLEAR DATA SHEET 225



Ref. D.L. Livesey Elem. Sym. A z
Can. J. Phys. 1022 (1956)

0 16 8

Method Synchrotron; proton spectra, angular distribution; nuclear
emulsion; ion chamber

Ref. No.

56 Li 2 NVB

Reaction

o
lc

(y,p;

E or

Bremss.

30

35

70

20 . 7±0.2

21 . 9±0.2

24.0+0.2

ad E J n Notes

Fig. 3. A. Lower. Energy distribution of "GS proton tracks in plates exposed at 35 Mev.
with full beam.

E3 L pper. Energy distribution of 487 proton tracks in plates exposed at 70 Mev. mth full

35 M** . ia* PLATES

F
J
C
/

Energy distribution of 724 proton tracks in plates exposed at 30 Mev
itn lull beam.
5 L

£S
r £ner?y distnbutlon for 205 tracks in a 200 u plate exposed at 35 .Mev. with

I

I

TRACKS
PER 02 M«
INTERVAL

GROUPS

Fig. 4. Combined energy distribution of all proton tracks in 30 and 35 Mev. plates.

|

Fig. 5. Angular distributions oi protons in energv groups A. B. and C. the ordinates Peing
proportional to yield per unit solid angle of collection.

ANGLE 9
Fig. 7. Angular distribution of all proton tracks observed with energies greater than 10.5

Mev. The dashed curve represents the function:

f\8) — A -*-fi(sin i—p sin 9 cos 0>*

with .4 5- 0.2 and p — 0.2.

U.S. DEPARTMENT OP COMMERCE
NATIONAL BUREAU OF STANDAROS

form NBS-410
(8-1-C3)
use CMM* O C IQ 650-PG 3
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c r . c«- c.M. i r m. *

A.C. Odian, P.C. Stein, A. Wattenberg, B.T. Feld, and R. Weinstein
Phys. Rev. 102 . 837 (1956)

METHOD
Synchrotron; plastic scintillator proton telescope,

neutron detector, also integrating neutron detector

REF. NO.

liquid scintillator

[Page 1 of 2] 56 Od 1 NVB

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.NP RLX 140- 260 C 340 TEL-D 70-125 DST

NP COINCIDENCE

Fig. 2. Variation of neutron-proton coincidences with neutron
angle. Gamma-ray energy is 140 Mev.

Fig. 3. Variation of neutron-proton coincidences with neutron
angle. Gamma-ray energy is 252 Mev.

form NBS-418
(REV. 7-t 4.84)
USCOMM-OC 29010-P94 PHOTONUCLEAR DATA SHEET 227
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A.L. Udian, F.L. btein, A. waccer.berg, 3

Phys. Rev. _102, 337 (1956)
•T. Feld, and R. Weinstein

0 L6 8 .

METHOD

[Page 2 of 2]

REF. NO.

56 Od 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR

TYPE RANGE TYPE RANGE
ANGLE

-

-

L
-

1

1

i

i

i
I

‘20* .40* .60*

Fig. 6 . Angular distribution of photoneutron proton pairs from
lithium and oxygen relative to deuterium. £7— 260 Mev.

Ulriuffl O 0«y<;cn

/t

(n + p;

(N + P)
- = 0.57 ± 0.07

Dt

T vble II. Summary of data 4 for lithium and oxygen. Ey= 260

Mev ;
dp

m — 90°; 0p = #y = *6°; Ep— 129 Mev; £.v**l29

Mev. b

Substance Run 6 P/M uv-P)/

a

(,V-P),'P

r i 5.42 0.244 0.0450

2 5.42 0 244 0.0450

Li 4 3 6.07 0.257 0.0423

l.Av 5.64 0.248 0 0441

t 1 7.00 0.142 0.0203

1
- 700 0.142 0.0203

0, J. 3 7.55 0.150 0.0198

Lav 7.18 0.145 0.0201

k Large counter up close (10 in.).

s Each run corresponds to about 2000 monitor units.

2; I

> 1.2h
o I

£

? \

0 20* 40* 60* 80* .SO* 20* '•‘C* 60* ;60*

Sp* (Proton Anqie -n c/*J

Fig. 7. Proton rates for oxygen and iithium relative to deuterium
for various laboratory angles.

Table I. Summary of data* for H:0 and D;0. £T = 260 Mev: 9p* = 90°; dp —6s—B lab — 76°; £p= 129 Mev; En = 129 Mev.

Prot Prot aP .V-P .V-P a(iV-P) A(.Y -P) .V-P .V-P

Run 6 ifHjO .VfDtO SI A/HjO MDO SI p .PHrO PDiO

i 7.112 7.964 0.852 0 042 0.140 0.098 0.115 0.0060 0.0176

2 7.553 S.521 0.968 0.048 0.143 0.095 0.098 0.0064 0.0168

3 7.021 3.078 1.0S7 0.049 0.157 0.108 0.102 0.0070 0.0194

4 7.753 8.520 0.767 0.048 0.148 0.100 0.130 0.0061 0.0174

Av 7.360 8.271 0.91 0.047 0.147 0.100 0.110 0.0064 0.0178

Correction of 0.02 H{0 C 0.15 0.001

Corrected av value:

Prot/.l/Dt= 1.06 V-£/.Ud ;= 0.101

* Large conuter far away (51 in.).
6 Each run corresponds to about 2000 monitor units.
• The correction of 0.02 HjO is to correct for the HjO ceil having a thickness that is 0.98 of the thickness of the DtO cell.

- _ DMMERCE
NATIONAL BUREAU OF ST AN OA R OS
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R. Basile
Ann. Phys. (Paris) 2, 267 (1957)

METHOD

ELEM. SYM.

16

REF. NO.

57 Ba 3 JOC

REACTION

G,N

RESULT

ABY

EXCITATION
ENERGY

15- 18

SOURCE

15-18

DETECTOR

TYPE

ACT-

I

ANGLE
RANGE

4PI

BREAKS

Position des discontinuities dans la courbe d’activation dk "0

Send (MeV) Energie des discontinuing (MeV)

i5,6o(±o,o5) (i5,8) i6,o3 i6,5o ( 16 ,7)
i 6 ,8a l7Joi

Ecart enlre les discontinuity (ktV)

aoo a3o 470 200 lao aao

£ncrgie
des

discontinuity*

1
cn MeV

j

!

Sections cdicnccs integrces des raics cn keV.bam*

Dasile et Schuhl
norm. sur

Kntz et al.

Katz ct al.

Dasile et Schuhl
norm, sur

P. S.

Penfold
et Spicer

* 5.6 0.0022

i?,S 0,0021 0,0046

I 16.03 0.06 0,06 0,04 0.04

16.5 0.043 0,05 0,031 0,027

1

16.7 0-035 0.18 0,013 0,041
16,81

1

0.36 0.S4 0,24 0,084

I

FORM NBS-418
(R EV. 7-1 4.841
USCOMM-OC 20010-PA4 PHOTOHUCLEAR DATA SHEET 229
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P. Brix, E.K. Maschke
Z. Naturforsch. 12, 1013 (1957)

METHOD
Betatron; proton cross section; nuclear emulsion;

monitor
C
12

(Y,n)C
U

NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLETYPE RANGE TYPE RANGE

G

,

XP SPC 10-19 C 28 EMU-D 10 - +

(10-18.5)

a
(28 MeV)

= 2 - 3 mb

f
ZoH&rPnttni**
pro CL Jrmrvcii

Abb. 1. bpektnun von 1306 Protoncn ana rier Photoplatten.
Daa jSpektrum wurde bci 10 MeV abgesdmitten. Fur die lea-
tea S3 MeV det Spekiruma, fur die Skill der y-£aecfic

***« rioc eiudeotige Zaofdoaf voa Piiioiim
tm y-Energie t»b«ik*L la aagcfehaca Interrail ua 29 MeV
Energie wurde der mitfiere ^irknpqMmkaitt beeKteat.

form NBS-418
(REV. 7-14-64)
USC OMM-OC 26010-P64 PHOTONUCLEAR DATA SHEET 230
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Ref. J.H. Carver, K.H. Lokan
Australian J. Phys. 10, 312 (1957)

Elem. Sym.

16

Ref. No.

57 Ca 2

Method 33 MeV electron synchrotron; neutron yield; radioactivity;

Cu '?
(Y,n) reaction. (Berman and Brown) EH

Reaction E or AE S"
dE J >r Notes

o
16

(y, n)
Bremss.

15-30 2k

1

1/2
:

3 .4 MeV

31

J*
= k6±7 MeV-mb

••frfwMs.;

Tabu 3

NUMtnu or niiina (y.e) ranee irtww

P*»*k Energy

(MeV)

Integrated Crom
Width at Half Section to 31 MeV
Maximum (MeV) (MeV mb)

l 'C (v.n

"O <y.»

*4Fe (v,

4-2

3*4

«•!>

42±7
4«±7

2904-60

FORM NBS-418
(8-1-43)
USCOMM-OC 18536-P63

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS
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Ref. P. Erdos, P. Scherrer, P. Stoll

,

Helva. Phys. Acta JO, 659 (1957)
Elem. Sym.

16

Method 65/ \
Betatron; a yield; radioactivity; Cu (y, n) reaction

fief. No.

57 Er 1 EGF

Reaction E or AE ad E J ” Notes

0
1C

(7,n) Bremss.

16-32

Peak used to fix raezy scale.

Wirkungsquerschmttsrerlauf der Reaktion 0 l,
(
-/.n)O ls

, crmittelt am Zurcher

Betatron zwecks Eichung der Grenzcnergie.

porm NBS-418
( a- 1 -9 3

»

USCOMM-OC 18S58-PS3

PHOTOHUCLEAR DATA SHEET 232

u.s. department of commence
NATIONAL BUREAU CP STANDARDS



cL E.H*. SVM. A

S.A.E. Johansscn, B. Forkman
Arkiv Fysik _1£, 359 (1957)

Page 1 of 2

0 16 8

METHOO
, , ,

Synchrotron; proton, alpha spectra, proton cross section; nuclear

emulsion; r chamber

REF. NO.

57 Jo 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.P ABX 12-26 C 20-26 EMU-D ±12 DST

(20.5,23,26)

G, A SPC 7-19 c 19 EMU-D T—

1
r—

1

1OJ DST

25-5
a, sdE = 76 MeV-mb
(7,P)

THR

In figure J, a scale based on Stephens, et al .,

state transitions.
Phys. Rev. j)8 , 839 (1955); work on ground

b iki. :J IVirwii sfuT'rum tor the ‘Jti Mt*\ irradiation.

Fig. 1. Proton speotrom for the 20.5 Mev irradiation.

form NBS-418
(REV. 7-1 4-641
USC OMM-DC 2801 0-P64 PHOTONUCLEAR DATA SHEET 233

U.S. DEPARTMENT OF COMHERC
NATIONAL IURIAU OF STANDARD



PAGE 2 of 2 16

REF. NO.

57 Jo L

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

Flit. *. Annular distribution* for the proton groups in the 20.3 M*-v irradiai mn. Fig. 9. Aflgukf dictnbotaon for tbm proto®
groups in the 23 Mer irradiation. \i.

Fig. 11. Energy distribution for the x-pnrticie* irom the i;\zi reaction m 1

ami -ilver.

JO-

Fig. 12. Angular distribution of the a-part icies from

the i» reaction in ()“ The r *.vo curves correspond

to In i isotropic •listrihution. M a liistnbiition • *r the q
form sin- l‘J.

"

b

/
j\

/

: ->z 33

**tOk£ - uisas

TahU I. Comparison between the cross-sections for the y./n and y.p

)

reactions in 0 l ®

Energy range, Mevi

1

:

Integrated cross-.-«*etion

Mev-tnb
Katio between the r/.pi and ty.m integrated

•ross— cions

yp 1 V,.
Experimen-

tul

Theoretical

* 1 / - 2

16.3- 17.3 3.-.
j

l.l) •2.2 l.l 1.0 |o

IS.J l.l n.66 1.6 ! 1.0 1.2 2.3

3.3 3.1 l.o 1 l.o l.o ! 1.3

23.0-.’ 1.0 13 U» 1.3 l.l l.l ' 3.2

form NBS-418
IR EV. 7-1 4- 34)
USC OMM-DC 26010-P64 PHOTONUCLEAR DATA SHEET 234
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Ret. C. Milone, R. Ricamo
Nuovo Cimento 1338 (1957)

Elem. Sym.

16

Ref. No.

57 Mi l

Method
Betatron: proton angular distribution; nuclear emulsion

NVB

Reaction E or AE crd E J rr Notes

0(Y,xp) Bremss.

30

4- < E <8 MeV
P

Fig. 1. - Angular distribution of photoprotons

in water loaded emulsion = II. dry emulsion -= Em
and Oxygen Ox = fl — Em. .V = number <>t

observed photoprotons in the energy interval

4 to > MeV. for constant -olid angle.

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS

form NBS-418
(8-1-63)
USCOMM-OC 1 8556-P63

PHOTONUCLEAR DATA SHEET 235



Ref. B.M. Spicer
Australian J. Phys. 10, 326 (1957)

Method Betatron; radioactivity

Elem. Sym.

0

Ref. No.

16

57 sP 2 EGF

Reaction E or A E <7d E J » Notes

°
16

(Y,n) Bremss.

14-25

Yield curve better than 1$ above
16.5 MeV.

Data ~ 0.2 MeV on yield curve.

Fiy. 3.—The rrom ion for the “Ofy.nl r~cuon. c»W»»«d in

l MeV «tape. A calculation using the moothin* prooedure of

Kmit »nd Cameron (1961) gm* the d—had rurv*.

Fig. 3. -Th« rro«* wet ion for tha l *0{y.n) reaction. calculated

in 0- » MeV ttaps.

u.s. department of commerce
NATIONAL BUREAU OF ST ANOAROS

form NBS-418
(8-1-33)
USCOMM-OC 1833fl-°53

PH0T0NUCLEAR DATA SHEET 236



Ref. N.L. Svantes son
Nuclear Phys. jj, 273 (1957)

Elem. Sym.

16

Method
Betatron; y spectrum measurement; Nal spectrometer; ion chamber

Ref. No.

57 Sv l NVB

Reaction E or AE ad E
J * Notes

O
l6

(y,ny)

o
l 6

(y, py )

Bremss.

16-30

Detector at 120°.

z =
Z

*

5Mu8mm JJ

pulse hEiGhT vOL r S

Fif. 9 "he yield curves observed (or the dilfereni daughter pnoton energies. The shaded area

me eneriT.- internal in atncti me 7, 9 and In MeV pboiona am prtdotmouitlv produmd.

When me atausucai error. are not moan thev are nothin the svmbols.

I

Fif. 3. Pulse height distributions measured when irradiating a 1" water target with ‘JO 0.

2S.fi. and 27.5 MeV brcmsstrahlung spectra. The background distributions are subtracted.

form NBS-418
I8-1-43)
USCOMM-OC 1 BS 56 -Pd 3

Table

The integrated cross section , MeV. mb), together with the relative numlirrs. f. .r the
(or ground state transitions in the y, pi reactions was taken from Stephens et al. ' The same •

tions in the (y, nl reaction In splitting the cross section for « ‘1 MeV and 7 MeV photons int

pliotonuclcons were assumed to have l - u and l - I,

•• ri * > ,J re <

!• «r the two

The rr >ss v. . *irm

und st ,tc tr nisi

•*nt r-Mt Cions the

Photodisintegration to

Total

tfint

Excitation

energy in O 18 Reaction ground excited state t.MoV)

(MeV) state
6.2 7 9 10

(MeV- mtiii . MeV- tub)
| % j(McV. mb)| % 'MeV*mh|| MeV- mb); (MeV- mb)

20.0— 21.0 y. p 3 43 4 57 7

y, n !) 100 3

•/, p -y, n 0 60 4 40 10

21.0-22.5 >’• P u hi
-

3!) 18

y- n ii 02 s 12

'/ p -y. »> i 22 73 s 27 30

22.5-25.0 •/. p u 32 u
;

26 12 1 28 4 9 2 •"> 43

Y< n ! 14 45 10 32 7 1 23 31

Y • p-y. 11 28 38 21 28 19
1

26 4 2 3 74

20.0-25.0 •/ P 28 41 >•» 32 1 2 1 8 4 6 2 3 68

y. n 28 61 11
;

24
!

7 15
,

46

y, p -^-y, n 56 49 33 29 19 17 4 3 1 o *2 114

PHOTONUCLEAR DATA SHEET 237



Ref. C.P. Swann, F.R. Metzger
Phys. Rev. _106, 982 (1957)

Elem. Sym. A

16

Method Van de Graaff; photon scattering; absorption; Nal spectrometer
Ref. No.

57 Sw l NVB

Reaction E or A E dE J ” Notes

0
lb

(Y,Y) 6.91

7.12

6.91

7.12

Mean life:

t
6<91 = (1.2±0.3) 10' 14

sec.

T
7.12

=
C 1 - 0*0 *?) I0'

lk
sec

form NBS-418
(0-1-63)
use OMM- O C 18556-P63

U.S. DEPARTMENT OF COMMERCE
national 3UREAU OP STANDARDS

PHOTONUCLEAR DATA SHEET 238



Ref. W. L. Bendel, J. McElhinney, R.A. Tobin
Phys. Rev. 111. 1297 (1958)

Elem. Sym.

16

Ref. No.

58 Be 1

Method

Activation EH

Reaction E or AE dE J » Notes

(Y.n) First large break observed at
16.17±0.05 MeV based on (y, n) thres-
holds in Fl9, Nl^ and Cl2.

form NBS-418
( 8-1 -63 )

USCOMM-OC 18S58-P«3

u.s. department of commerce
NATIONAL. BUREAU OF STANDARDS

PHOTONUCLEAR DATA SHEET 239



V. N. Maikov
J. Exptl. Theoret. Phys. (USSR) 2A, 1406 ( 1958)
Soviet Phys. JETP 7), 973 (1958)

E.i_ £M . i fV.

16

METHOD

58 Ma 1 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,4A ABX 20 - 40 C 150,250 EMU-D 4PI

G,PA ABY 27 - 80 c 150,250 EMU-D 4PI

<5, mbn

FIG. 2. Dependence of the erase section for reaction (H) on

the y-ray energy. The solid curve gives oiu data, the dashed

one the data of reference 4.

<5. mbn

y-ray energy.

cs(G ,4A)

TABLE I. Integral cross sections for reactions (III)

and (V) in mbn-Mev

• M«T 25-40 40—55 55-70 70—05

(im 3.85---0.20 1.78±0.17 0.82±0.13 0.384=0.11
(V) 3.11±0.21 1 .64 ±0.18 0.64±0.14 0. 16±0.08

Reaction III 12 C

Reaction V 1S0
H + 4 He + 7 Li
H + 4 He + 1

1

B

form NBS-418
(R EV. 7-1 4- 64)
USCOMM.OC 2S010-P64 PHOTONUCLEAR DATA SHEET 240
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Ref. C. Milone, S. Milone-Tamburino, R. Rinzivillo, A. Rubbino, C.
II Nacrvo Gimento 729 (1958)

Method
Emulsions; Bremss.

Tribuno Elem. Sym.

0 16

Ref. No.

58 Mi 1 EH

Reaction E or A E E

(y,p) 23

26

30

ad E J
"• Notes

Proton energy distribution
at 23, 26 and 30 MeV.

measured

Fi-

B)

7. - Seziono d'urto del processo 0(~, p) : j) verso lo stato fondameiirale (lei 13 X:
sezione d'urto media neudi intervalli :i:i — 2t> e 26 4-:i0 MeV: C) andamento della

s(‘zi..i:c d'urto indie ipotesi ddla Soz. 4'4.I del resto.

I' ic. I". I. IV, -III del u .\ e perreut mile
,li r',,ro|>n>t,,ni , he lasrinnn u\ ne |[„

'tar,, fumiamrntale ,, in livclii ee. imti

form NBS-418
(8-1-831
USCOMM'OC 18S58-P83

PHOTONUCLEAR DATA SHEET 241
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FORM NBS-418
19-1-33)
USCOMM-OC t0356*P«3

PHOTONUCLEAR DATA SHEET 242
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Ref. P. Brix, E.K. Maschke
Z. Physik l^j 109 (1959)

Elem. Sym.

16

Ref. No.

59 Br 2

Method
32 MeV betatron; angular distribution; nuclear emulsions; ionization

chamber. EH

Reaction E or AE <7d E J rr Notes

0
16

(y,p)
Bremss.

52

Angular distribution is peaked near
o

90 but now slightly forward for
higher energies.

For E = 28 MeV, a, \

Y ' (Y,p)gs

2.1 mb ± 2.5#

aa a x a x x a a jsh«v

Sammaenergre e

Pig. 6. Wlrkuxupquenchnut a,j des i y pi-Prou'wi am O'* fur l'ber*an*e xum Grundzurtand da» Nu ,

oormiert dared 5«t2J MeV) -=* 2.1 mb. Fur E < 27 MeV *ibl las Hmotmmm mne obere Gmu* ftir

U.S. DEPARTMENT CF COMMERCE
NATIONAL BUREAU OF STANDARDS

FORM NBS-418
(0-1-33)
USCOMM-OC 1 0336-P03

PHOTONUCLEAR DATA SHEET 243



R«- S.G. Cohen, P.S. Fischer, E.K. Warburton
Phys. Rev. Letters 4-33 ( 1959 )

Elem. Sym.

16

Method
Princeton FM cyclotron; Nal.

Ret. No.

59 Co 2 EH

Reaction E or AE
S

'7 dE J «T Notes

n
15
(p,yJ 1^. 5 -

19.5

22

E = 21.6
X
= 2k.

J

In agreement with Elliot and Flowers'
[Proc. Roy. Soc. (London) A 24-2, 57
( 1957 )] calculations.

20 21 22 23 2 « ?! ?? 'if

EXCITATION ENE»GV NO* MEV)

FIG. 1. The 90* Weld of v raya leading to the

ground atate of O 1 * from the N ll
(P.v)0

1# reaction. If

the v raya have an taotropic dlatributlon relative to

the proton beam, the ordinate acale gtvea the total

cross section.

FORM NBS-418 U.S. DEPARTMENT OF COMMERCE
(8-1-63) NATIONAL BUREAU OF STANDARDS
USCOMM-DC 1 8 53 6-P 83

PHOTONUCLEAR DATA SHEET 244



USCOMM-OC !8B5S-P*3
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Ret. C. Milone
Phys. Rev. Letters kj> (1959)

Elem. Sym.

16

Method

Emulsions; Bremss.
Ref. No.

59 Mi 2 EH

Reaction E or AE <7d E J * Notes

0 (Y,n) Figure 1 :

"b" - calcaulated from Carver and
Loken (y, n) assuming ground state
transitions.

"c" - calculated from Spicers'
(Y,n).

Spectrum measured at 90°

1 * * *

20 C,*<IV1SE. (*»») 30

no. u M f^immil pjln.itTc. i n
par Mm (Mnn uatu>. <b>

$md (at apMtn omkmmlmm* trmm tfca OCr, *1 rrnmm mi>

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDAROS

form NBS-418
( 8 - 1-6 3 )

USCOMM-OC 188S6-P63

PH0T0NUCLEAR DATA SHEET 246



neutrons from oxygen at 0 = 90y £Ym»t = 31

MeV. «< primary » flux; <• ohserved »

flux: flux corrected for the absorption

in oxygen only, b
)
Energy spectrum of /

the photoprotons from oxygen at 0=9»i .

£v = 30 MeV ('»).

Ref.

mo,

ldO 3 and 150°.

15: Mi lone, Mile ne-Tan bur-
Rinqivillo, Rubt ino, Tjribuno,

II Niovo Cimento 1 29 (lS 58)

Figure 5 : Angular distribution
of photoneutrons from oxygen
for the various neutron groups.

form N8S-418
(8-1-63)
U5COMM-DC 18696-P63

PHOTONUCLEAR DATA SHEET 247
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J. O'Connell, P. Dyal, J. Goldemberg
Phys. Rev. 116 , 173 (1959)

16

Betatron

59 Oc 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,2N RLI THR-100 C THR-100 ACT-

1

4-PI

REL T(j G.N

Table U. Relative integrated cross sections.

Element (y.»

)

Position
of the
peak for
(y.n) (7.2 n)

Position
of the
peak for
(7.2*)

Cu 1 23 Mev 0.003 42 Mev
N»* 1 24 Mev 0.007*
0“ 1 22 Mev 0.002 40 Mev
F“ l 20 Mev 0.14 32 Mev
Na» 1 20 Mev 0.05 32 Mev
P» 1 20 Mev 0.06 (y,2 p)

0.08 (7 ,
2pn)

45 Mev (7,2/>)

50 Mev (7,2pn)

* The (7.*) integrated cross section was taken from reference 4 .

MAXIMUM BETATRON ENERGY (MEV)

Fig. 1. The energy dependence
of several photonudear reactions.
The relative yidd scales of dif-
ferent graphs are independent.

form NBS-418
(R ev . 7- 1 4- 04)
USCOMM-OC 20 010- PS4 PHOTONUCLEAR DATA SHEET 248
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REF.

P. Paul and U. Stierlin
Nucl. Physics 12 ,

576 (1959)

EL EM. 3YM. A

16

METHOO REF. NO.

59 Pa 3 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

Gy G ABX 17 D 15,18 NA1-D 17 90

Source Li(p,y) with Ep - 500 keV.

Tabelle 1

Die gemessenen totalen Streuquerschnitte in cm* unter Annahme von El- und E2-Streuung

Element eigene Werte
Fuller und
Hayward **)

Stearns •)

Pb
|

(5.6±l)xl0-” (4-8) x 10-*’ (5-9) x 10-*’

A1 (2 ±l)xl0-« (2-6) x 10"“

0
j

(1 —5) x 10“*®

C (5.8±2) x 10-*»

Durch die Wahl der MeOgeomctrieergibtsich fiireine El- wieeineE2-WinkelverteiIunginnerhalb

der Fehlergrenzcn dcr numerischcn Rechnung der gleiche Wert fiir den totalen Streuquer-

schnitt. Die angegebcncn Fehler enthalten nrr den Fehler in der Bestimmung des primaren
y-Flusses und die statisti.schcn Fehler der Strcuraten. Zum Vergleicn sind die entsprcchendcn

Ergcbnisse von Fuller und Hayward 1J
) und Stearns •) gegenubergcstellt. Die angegebenen

Werte gehdren jexvcils zu den Fehlergrenzen.
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Rei. A. S. Penfold, E.L. Garwin
Phys. Rev. 114, 1324- ( 1959)

E 1cm. Sym.

16

Method activation; self absorption measurement Ref. No.

59 Pe 2 EH

Reaction AE

Bremss.

30.7

dE J *

Both Carbon and Oxygen detectors were
used, a for Oxygen averaged over

the giant resonance in 26.7±3.5 mb,
16±k mb higher than expected for a
smooth giant resonance. The resonances
near 22 MeV have these properities:

a = 106±l4 mb
max

Notes

=(6.6±o.9)lO
-5

tot

tot
= 30 KeV

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROS
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Ref. A. S. Penfold, E.L. Garwin
Phys. Rev. 115. 420 (1959)

Elem. Sym.

16

Method
100 MeV Betatron

tfef. No.

59 Pe 3 EH

Reaction AE ad E
J rr Notes

(Y,n) Breaks:

16.19 ± 0.04

17.25 ± 0.04

form NBS-413
(8-1-63)
USCOMM-OC 18556-P63
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A. S. Penfold and E. L. Garwin
Phys. Rev. 116 . 120 (1959) 16

59 Pe 5 JOC

RESULT
EXCITATION SOURCE DETECTOR

REACTION ENERGY TYPE RANGE TYPE RANGE
ANGLE

G,G ABX 19 - 61 C 19 - 6: NAI-D 135

G,G/ ABX 19 - 61 C 19 - 6 L NAI-D 135

Fig. 6. The scattering cores section for O at 135°. The cro<-

dcsignate points which can only be due to elastic scattering, wr„

the dots designate points tor mixed elastic and inelastic scatterir.;

The mixing is defined by Eq. (15) in the text. The data vt~

obtained from irradiations with bremsstrahlung energies oi 221

26.4, and 61 Mev. The solid curve and the light horizontal lint'

(upper right) are predicted values for the cross section (see lev

for details).

In;. 7. The elastic scattering cross section for O at 135° (dots)

i I an inelastic cross section due to transitions to a state near 6
'‘lev Uriangles).

Ccs 9

Fig. 8. The angular dependence of the elastically scattered

gamma rays from 0 which lie in the ranee 19 to 25 Mev. See text

for explanation of the dashed and solid lines.
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Dror isaaen

Compt. Rend. 249 . 2313 (1959) 0 16 8

METHOD REF. NO.

59 Sa 2 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N N0X THR-22 c 15-22 ACT- I 4PI

BREAKS

Nos resultats comparts a ccux tic Katz (») ct dc Penfold (’).

Nos rdsul tills

(

X

0,02 Me V ).

1 5 ,
G5

.5,7',

1 G
,

I 2

iG,/
t i

i0,r>2

iG,G3

* ( >, 7°

*M4
*<M)7

1 7 , 1

5

.7,33

1 7 , 55

17, G8

18,07

18,72

18,89

19, ,y

20

,

2 ~)

20,58

2 I
,
5.)

Kill/.

(±0,05 McV).

1 5
, Go

I it
,

iG, 1

1

1 G , 2

1 G
, 7

1

1 0,85

17,02

17, .8

Pcnfolil

(±0,05 McV).

1 5
, Go

15 , 8 /)

1 G , o3

' 0,47

‘ 0,70

• 0
, 9.5

17,02

17.18

1 7 , 5:3

1 7 ,
G8

* 8 ,o'
(

18.7

19,01

19.18

20,33

20.08

21 ,5a

form NBS-418
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Elem. Sym.

0 16

Ref. No.

60 Ge 1 JHH

Ref. K.N. Geller
Phys. Rev. 120, 2147 (i960)

Method Bremss; second-difference analysis

Reaction E or A E E
0

r
$

(y,n) E
t

-17.6 (See
Table I,

col. l)

ad E J * Notes

Mostly an application of the analysis
method.

Fig. 3. Zero-order (bar*) and final croaa »ection (solid curve) for the 0*(yjt)014 reaction from threshold to

17.6 Mev. Baaeline arrow* indicate energy assignments of known levels and horixontai bar* the level widths,

where known. Correspondence between level* observed in the present experiment with known level* indicated

by dasned line.

*
\ l

»

I Niiiiiiiarv oi Ic\cls observed in the present ctiicri'Wif

and in other type reactions.

()l«». 0'”,h |'h

Mev) 1 Mev) t kev 1 Reaction

15.83 15 70 30

k 16.04

16.20 16.21 23 p.n i

1

1

16.381 16 44 24

16.5‘>

16.81
16.75

16.82

t .ti l

i /».«»

1 7.10 17.12 41 i p.n<

17 24' 2*S0 ‘ prt »

17.28 17.20 84 \ f*,m

17.30 y.<t)

• Present experiment.
F. Ajzenberg-Selove and T. Lauritscn,
N’. W. Tanner. G. C. Thomas, and W.

. Nuclear Phys. 11. 1 (16S9).

E. Meyerhof. N’uovocimemo
:
: 1'>.S9).

U.S. DEPARTMENT OF COMMERCE
NATIONAL. BUREAU OF STANDARDSFORM NBS-418

(8-1-63)
USCOMM-OC 18886-P63

PH0T0NUCLEAR DATA SHEET 256



form NBS-418
(8-1-831
USCOMM-OC 18S88-P83

PHOTONUCLEAR DATA SHEET 257

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDAROS



D.F. Hebbard
Nuclear Phys. 289 (i960 )

Method
600 kev electrostatic generator; Nal

Elem. Sym.

0

Ref. No.

60 He 1 JHH

Reaction

,15
(p/6)°

1C
200-627

kev

<7d E
J ” Notes

This resonance observed for 12 MeV y's
corresponding to the 12.4-3 MeV level
in O^ 0 .

PROTON ENERGY taVl

PI*. *. The cram section tor the N**fp. y,jO** "ncooo. aa a iunction of proton enerev The 00m

nn that required correction lor the umnJtaaeous aetecooo of both mmorn
_>i * pt>m the 42*>-keV resonance mroutn the 6 and 7 MeV iat» m O** The daened curve

» ttM chaoreocai carve for destructive interference between I* -ceonancee at 53* *•» and

Him kev »!tn the 1010-kcV resonance ria^m* a pea* cron »ecnon ol 1000 m

O

The full con e

mow* the improved aarretnent wneo the 1010-keV resonance pea* cree* xctwn * reduced bv tne

factor l 41. Doth theoretical corvee are normain«1 to rnaten the pea* •'ei«nt of the 33*-ke>.

reeooaace. More 1 aatir mould oe artacnod to tae pcanti ax JW keV and 827 k*V tB*a “ UJC

scattered point* between 415 keV and 550 fceV

Table 3

Single-level parameters for the 338 and 429 keV resonances

Ql*a E. r. r* fv. Fycaac*6«

(MeV) IkeV) (keV) keV) ke\ ' (eV) feVi

12.43 338 1.1 03 0.025 8 0.4

12.32 429 0.020 forbidden 0.90 — 0 006

Tabzjx 4

Two-level parameters for the 338 and 1010-keV resonance*

E.
(keV)

Xp’

(keV)
x‘«.
(keV)

y\
(keV) (eV)

1

338 1 354

1010 : 450

19.8

4.27

78

20.7

—

12.8

88
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D. Isabelle, G. Bishop
Compt. Rend. 25

1

, 69 ~l (1960)

METHOD
Linac; inelastic electron scattering;

Cerenkov counter

16

magnetic spectrometer.
REF. NO.

60 Is 1 NVI

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLETYPR RANGE TYPE RANGE

E,E/ RLX 20 - 30 D 60 - 150 MAG - D DST

CU t.j 63 »t a , 135*

c £%
;100M*V • i 9* 60*

Fig. 2.

' '-h.JTOP C'>*.
J-. EAU OF st an:

FORM NBS-4’8
(REV. 7-14-64)
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Ret- L.A. Kul 'chitskii, V. Presperin
Zhur. Eksp. i Teoret. Fiz. 1001 (

i

960 )

;

Soviet Phys. JETP 12, 696 ( 1961 )

Elem. Sym.

0 16

Method

90 MeV Synchr.
;
proton recoil counter telescopes

kef. No.

60, Ku 2 JH

Reaction E or AH <7d E J n Notes

(7^) Bremss.

;

E =901
/max

iMaV
Relative yields in table are per
nuclear neutron.

Element
Relative

neutron yield Element
Relative

neutron yield

Li 1.00=0.05 Cu 0.37=0. 1C
Be t .22*0.09 Cd O.35=0.u:
0 0.74=0.05 I 0.39=0.02
Al 0.49±0.03 Bi 0.41=0.i_'J

Ca 0.33±0.02

form NBS-418
(a-i-63)
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Ref. P.C. Stein, A.C. OCian, A. Wattanberg, R. Weinstein Elea. Syau A z

Phys. Rev. 112, 3^ (i960) k

- 0 16 a

Method*

320 MeV synchrotron; proton telescope; neutron counter^
RefTNo.

60 St 1 JHH

Reaction E or AE <7d E J " Notea

°
l6

(T,np) Bremss,

320

(c/c^) = 3il±0.^

[a - = 63 iib]

H

Mean photon energy - 262 MeV

Proton counter at 76°

2-2

£ zoc
5
¥
* 3 w

S
s «

» 5lo

« ^ -ft

§!..
/»

51

T *
I

? 5

~b

a

! I - I ,1
30 40 SO 40

ATOMIC NUMeeft
90 Z

Fig. 2. Relative cross sections per neutron-proton nair in the
nucleus versus atomic number. The cross section of the element
of interest is divided by the cross section for deuterium and by the
factor NZ/A.

:i . !

:

4H-+4---1

ATOMIC KUMCCK

Fig. 3. The relative cross sections per neutron -proton p:
corrected for the proliability ot escape is plotted against non
number. The proljauility of escape factor is calculated usi

r 0« 1.30X 10-1* cm and X—3.6X10~U cm. The proliability

escape factor is given in expression (1 ). The data shown arc the

ot Fig. 2 divided by PQR/X).

cm N S o-4l 3
-1-03)
ICCMW-SC 18SS6-P03

US. DEPARTMENT OP COMMERC
NATIONAL BUREAU OP STANOARC
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Rei.
J.A. vpdwff, LU.
Vkf*. to*. iJJ, ia6l (I960)

Elem. Sym.

16

kef, No.

6o •* 1
Method

iao mt

Reaction E or AE ad E J
"• Notes

cT.

55-90
0.191
±15* p

<». 15

Subtraction of electronic as base-
line.

Just assumed electronic was known
for the 0. No nuclear tT in H.

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDSform NBS-418
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Ref. B. Ziegler Elem. Sym. A z

Nuclear Phys. 17, 238 (i960)

0 16 8

Method
^2 MeV betatron; magnetic pair spectrometer

kek No.

60 Zi 1 JHH

Reaction E or AE S'
dE J * Notes

Bremss.

10-30

0jk
1

o-k

i \X 26 2 MeV

1 \ \
o-j ZlSMev''

'I
- N

0-i •asuev

-OS-I

HiO
116 rev

(12‘KjmO

v
'--_ [~3S:to)me

lZ3 --io)rre

^(Q'toimi

(0-' iojmi

.
(-11: a)me

0 10 W SC 110
—' Snortertange n art

l H^Obrndenoo^agob— y.FnafiM Dum^h— Koi it
Ho,*-*,) borechnot. mkLOsmptoataktor 1(1). DteugagifcMM

mttm wmneu Agj(laichndna| «to DiSmu immcb<n da, •
t a,

• «a* fcoinmhiu Kona ormttaH ;

—

—

- - -

form NBS-418
I 8 - 1 -83 )
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P. Brix, H. Fuchs, K.H. Lindenberger, C. Salander
Z. Physik 1 65 , 485 (1961)

method . „ _ _12/ x „ll
Betatron; neutron cross section; Nal spectrometer; C (y, n)C

NVB

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLETYPE RANGE TYPE RANGE

G.N ABI 034 C 34 ACT-

1

4PI

Weighted average:

32
r adE = 64±8 MeV- mb
J

0

Tabelle 1. Mefdergebnisse fur die D-Werte bet der Endenergie E0 = 34 MeV*

Reaktion D

C1J
(y, n) . . ; 0.2569 ± 0.001 5 24,1 = I MeV

Ou (y,n) . . 0.2594s: 0.001 5 \

23.6 = lMeV
Cu“(y,»). . i 0.2974 ± 0,001 7 !

1 5,6 i 1 MeV

Tabelle 2. Ausbeuten und mlegnerte WirhungsquerschmtU von 0 l* [y, n)

Vergleichsreaktion C»(y,n)C» “
Cu“!y,

(1) ^o/^V 1,250 i 1.2% i 0,0700 ± 3.4%
33 MeV m MeV

(2) / a0 dE/ f ov dE !.2!5±2,s% 0.126 xj 3%
33 MeV

(3) / o0 dE 61 i 7 MeVmb
j 71 ± 10 MeVmb

Alle angegebenen Fehler setzen sich aus dem dreifachen statistischen und svste-
matischen Fehlem zusammen.

Zeile(l): Yv = Ausbeute der Vergleichsreaktion. Zeile (2) : Die Verhaltmsse
der mtegrierten Wirkungsquerschmtte tolgen aus den Zahlen in Zeile (1) und
Tabelle 1 durch Anwendung von Formel (1). Zeile (3): Die mtegrierten Wirkungs-
querschnitte ergeben sich aus den in Zeile (2) angegebenen Verhaltmssen. wenn man
den Messungen von Barber et al.» entnimmt, daG der bis 33 MeV integnerte Wir-
kungsquerschnitt von C«(y. »)C“ 50.3 MeVmb± 10% ist, und den Messungen vonBerman und Brown 11

, daG das Integral bis 33 MeV von Cu“(*/, n)Cu” 550 MeVmb± 10% 1st. und dabei beriicksichtigt, daG das Verhaltnis ECft' beim Zeriall desCu nicht 0 ist, wie Berman und Brown annahmen, sondem 0.021 n .

n Butler, J.W., and C.R. Gossett: Phys. Rev. 112, 1257 (1958).
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Ref. 8.0. Cob**, P.S. ?labar, I.K. Uttburtw
Ptqra. kv. iSi, 858 (1961)

Elem. Sym. A z

0 16 8

Method Ref. No.

SynehrosyeleCTOTi; BaZ 61 Ga 1 JH

Reaction E or AE
S*

dE J n Notes

(r.yj 10-15 21.8

24.7

0.27 I

25 * 5 MeV-mH

21

,26.5

0.27 1 MeV-ml

f (21.8 MeV) — 2.2 kev.

f
1
(24.7 MeV) ^5-14 kev.

(calculated assuming compound nucleus
formation)

.

Integral cross sections are for
excitation curve. For the 21.8 MeV
resonsance, the 0l6(y, p intergr
cross is. estimated as 20.5 Mev-mb

i n; 5 The different ul erm* section at *4 ) n,r the vra-. „ u -
to the ground state oi U 1 ' trom the \ 5V •(»>• reaction (1 -hr
' s have an tdotrooic distntmtion relative to the prof..-.

1
-

1 hen the ordinate vale eives the total tom «rim

form NBS-418
(8-1-83)
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E. Finckh, U. Hegel
Z. Physik 162, 154 ( 1961

)

16

METHOD 12 11
Betatron; proton cross section; Csl; C (7 , n)C monitor

ree. mo.

61 Fi 1 NVB

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYRE RANGE

G.P ABI 0 1 _S 35 CSI-D 2-6 90

(0 - 34 . 5 ) (34.5) (2 - 5.5)

Yield of 0 (7 . p)

Yield of C
12

(7,n)C
U 2.06 ± 14#

35
V,/.. sdE < (1 + 1.68) r a, vdE = 175 MeV- mb

(7,n)+(7,p) ~ J. (7,n)

FORM NBS-418
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USCOMM-OC 20010-P04 PHOTONUCLEAR DATA SHEET 268

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOARDS



u. nagei, e. tinckh
Z. Physik 162, 142 (I96 I)

0 16 8

method
Betatron; proton cross section, spectrum; Nal spectrometer;

C
12

(y, n)C
1 ^ monitor

REF. NO.

61 He 2 NVB

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE

G,XP SPC 0-35 C 35 SCI-D 6-22 90

(0 - 34 . 5 )

dg
dQ

= 0.13 mb/sr ± 13^ for 30 MeV and

2
assumes -r* = a + b sin Q for total

90°

ct in Figure J.

Fig. 7 . Spefctrum dor Fig. 0 divnliert durcft die ipallii!

fuokuoo i* (34.5 MeV). Olxrhalb 29J MeV sieiit dee fc

den V’rrlauf dee Wirlcuiieequenchnittas hir <

glnge dar, unterhaib die—r Eneegte gibe es «um otoare Grmaa
dafiir in. Die Ordinate i« aorauert dure* dan bet 50 MeV be-

uimraten WtrtamgaquarecAnm <29. wobat (Hr die Uniat Skala
•otxnpe WlaMmtnMK fQ# dto aMte*MM—i I

'urde. Or voa Ban c

lit aui die r

ls Brix, P., u. E. K. Maschks: Z. Physik 1S5, 109 (1959)-

k H? ni/aiSyi-MMtm
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D. B. Isabelle, G. R. Bishop
J. Phys. et Radium 22, 548-51 (l96l)

ELEM. SYM.

O

A

16

z

3

METHOD

Linac [Page l of 2]

REF. NO.

6l Is 1 NVB

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLETYPE RANGE TYPE RANGE

E.E/ FMF 0 - 115 D 90-215 MAG-D DST

Fig. 1. — Spectre des Electrons diffuses sous un angle de 70° et ayant une energie incidente de 150 MeV. La coui Je

en bruit plain re press nte le spectre elastique caicule.

Fig. 2. — Spectres montrant la structure fine de la reso-
nance g6ante pour quatre valeurs difTerentes du transfert
de quantity de mouvement, pour l*0.

1. Ei = 100 MeV. 6 = 60°, q = 0,443 f~ l
.

2. Ei = 90 MeV, 0 = 100°, q = 0,600 f— l
.

3. Ei = 150 MeV, 0 = 70°, q = 0,803 f— l
.

4. Ei = 215 MeV, 0 = 80°, q = 1,325 I- 1
.

i

30

Fig. 3. — Exemple de decomposition d’un spectre detaille.
l*0. Decomposition de la resonance geante.

E9 = 90 MeV 0 = 100°.

FORM NBS-4
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D. B. Isabelle, G. R. Bishop

J. Phys. et Radium

, , %

22, 548-51 (1961) O 16 8

METHOO REF. NO.

Linac [Page 2 of 2] 6l Is l NVB

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR

1) 1.65X 10— a 7{[1,05 A 1/1
?] +1.5 X lO"3 ^[1,05 A l

'*ffl

2 )
1,38 X 10—* y|[l,05 A 1 '3

q]

3)

5,17 X 10-3
7gU,05 A V*

q] + 2,01 X 10~ 3 yf[l,06 A 1/3
q].

Fig. 6. — Spectres montrant l’existence de deux reso

nance^ntre 40 et 50 MeV, pour 130.

Fig. 5. — Comparaison des r^sultats experimentaux avec

les caiculs theoriques de Fallieros et al., pour l"0.

Pour q donni\ |Fi„|
3 = |F|e ,

<Ji n,i/<Te |.
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lief. F. Lacoste, G.R. Bishop
Nuclear Phys. 26, 511 ( 1961 )

Elem. Sym.

0

A

16

z

3

Method
£j_ectron Elastic Scattering and unelastic scattering

Ref. N'r*

61 La 1 JOC

‘ Reaction E or AH E
o

r j
« Notes

. 16 / \

0 (e,ej 150

Fig. 6. Experimental values of Flf (qlt )
determined by this experiment. The solid curve is the

expression (1— 0.387 q
1
)
e-0 888,,^ which gives the best fit to the data of ref.*).

Fisr. 7. Experimental ratios of the O 18 and O 18 elastic form factors versus q lt
- (defined in sect. 3).

The curves labelled e = 0, e = 0.02, e = 0.03 and s = 0.04 give the sheil model predictions

assuming a parabolic well potential with acm (0 18
1 = (1— «) aC!n (0 18

)

.

For f = 0 the predicted ratio is different from unity because the mass of the two nuclei are different

and therefore the recoil corrections are not identical.

r-ORM NBS-413 U.S. DEPARTMENT OF COMMSRJ
'•'•531 NATIONAL BUREAU O £ STANOAR
^3COmm*OC 1 3556-PG3

PH0T0NUCLEAR DATA SHEET 273



Ret. J.P. Roalsvig, I.C. Gupta, R.N.H. HasLam
Can. J. Phys. 6kj ( 196 I)

Elem. Sym. A

16

Metnod 2I+ MeV betatron; radioactivity; neutron yield; proportional counter;
r chamber

ReVi No.

•1 Ro 2 EH

Reaction

O
l6

(Y,n)

E or A E

Bremss.

??

crd E J " Notes

Relative yield curve normalized by
63 /standard Cu'"('y, n) reaction [Roalsvig,

Haslam and McKenzie, Can. J. Phys.

2L o07 (1959)1.

poqm NBS-418
'*-1-53)
USCOMM-OC I9559-P53

photohuclear DATA SHEET 274
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Ref. K. Shoda Elaau Sjra. A Z

J. Phya. Soc. Japan 16, 1814-1 ( 196I)

0 16 6

Method
2

4

MeV betatron; proton spectrum; angular distribution; nuclear
emulsion; r chamber

Ref. No.

61 Sh 3 NVB

Reaction E or AE
$

<7d E J ir Note*

0(y,p) Bremss,

20.5

Y's were polarized.

17-3

N0
1201

H

£ - -

Np

60

Hi Hill

0 30 60 90

30'

20

0206090 ”0 30 60 90 0 30 60 90
<0<£r<6O(M*0 6Q*€r « aOWaV) a04£/<iOOWW) lOOsEr* i30<M—

)

AZIMUTHAL ANGLE (*.0EGREE3)

Fi<. 4. Azimuthal angular distributions in U.U and H :0 soaked plates. The proton number from

the H ;0 plate is normalized to the same number of oxigen atoms as in the DiO soakeo out*.

Open and closed circles are the results by D ;0 and H;0 soaked olates respectively.

PROTON ENERGY M«V ]

2 A 6

A 6 9 iO

PROTON ENERGY (MaV)

Fig. 7. The proton energy spectra corrected for

the emulsion thickness and the back ground

spectrum to be subtracted. Full line hystogram:

for the H :0 soaked plate; broaken line hysto-

gram: for the ua—lwd plate: full curve:

spectra of hack ground to be subtracted 1 F.VS 1 ;

broaken curve: spectra of back ground 1 Xs).

U 3COMM-OC

6 .a .

°HOTON ENERGY iMaV)

Fig. 3. Cross section ot 0‘*r. P»N Si assuming that

all proton transitions are those ro the ground

state of N‘ s
. The hystogram is the present re-

sult and the curves are the calculated croee

sections from the experimental p. .
cross sec-

tion using the detailed balance theorem.

*4 .a*
tfr o "a jo# 10 o »»»

MM) 421
AZtMUTMAL AAdLf lA.OEMttSJ

Fig. 9.
A«matha I angular distributions of pro-

tons in- several energy regions. Open circles

sAew the it—If in H*0 soaked plate. CT rased

re far tbs back ground plate.

-0.091

-14.

»

n 3. AeJfc
Fys. aa 03875 389.

& Ark. fc*

U.S. DEPARTMENT OF COMMERCE
NATIONAL. BUREAU OR STANDARD
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cLu £M. S t M.

N. W. Tanner, G. C. Thomae and E. 0. Earle
Proc. Int. Conf. Man. 295 ( 1961

)

16

METHOD

Tandem; Van de Graaf
REF. NO.

61 Ta 3 JDM—
REACTION RESULT EXCITATION

ENEROY

SOURCE OETECTOR
ANCLE

TYRE RANGE TYPE RANGE

ABX 12-26 D 0- 14 NAI-D 90

Proton Encnjy M«V.

Excitation function ofNlHp, y)Oxt

form NBS-418
(RSV. 7-1 *-641
USC OMM-OC 2601 0- P64 PHOTONUCLEAR DATA SHEET 276
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Ret. G.R. Bishop, D.B. Isabelle Elem. Sym. A z

Phys. Letters _1, 325 (1982)

0 16 8

Method ReL No.

Linac; electron scattering, magnetic spectrometer
62 Bi 2 JHH

Reaction AE ad E J * Notes

0
L6

(e,e') 140.6 -

214.8

19.2±0.5 Electric quadrupole transition.

a F * "q 9 'I « qOm /aG o
J

a Q / a 3.

Fig. 1. Plot of F 2
(ty, 9) versus tan29/2 forty = 1.2 fermi -1

I

Table 1

Experimental cross sections and the square of the

inelastic form factor defined as (dtrx/dfl)/(dCp/dfl).

£o
(Me\0

—
9

(°1

—
Qi r 1

)

9¥ (cm)
. . 1

147.4 “70 0.667 2.32 x 10~31

|

'141.8 60 0 .805 1.30 x 10-31

1

1 146.8 115 1.183 5.38 x 10-321

|214.8 70 1.200 1.35 x 1
0 ~3

1 j

1140.6 135 1.237 3.48 x 10-321

!
1 ST .

5

120 1.311 2.91 x 10-32|

|214 80 1.346 7.13 x 10-32

dCTn o

dn
(cm_)

x 10

3.38 x

- 28l 0.90 x 10-31

*291 1.39 x 10-31

-301 6.3 x 10-31

*29! 3.04 x 10-31

-301 io.3 x 10-3
-301 5.05 x io-3|
—291 2.94 x 10-3

form NBS-418
(a-i-«3)
USCOMM-OC 18SS8-P63

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS
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Ret. G.R. Bishop, D.B. Isabelle
Phys. Letters 74 (1962)

E lem. Sym.

0 16

Ref. No.

62 Bi 3

Method
Linac; electron scattering; magnetic spectrometer

JHH

Reaction E or A E
S*

dE J f Notes

0
lc

(e,e ') 44.5

49.0

Table 1

The observed radiative widths as found from the normal-
ising factors 5 0 , ii and So of fig. 1, and the formulae in

the text. In parentheses the radiative widths calculated
for a single particle transition, or the monopole matrix

element for a liquid drop.

Fii*. L. Comparison of the inelastic [•>rm factors, defined
is exp “point- the form factors for El
uid E- transitions. A least squares fit to the data
for the 44.*) Mel’ transition gives / in

-

• 10”**
/
[- - 7.6^* l<)-d md for the 49

MeV transition f\n
~

(l • 4 • l .o-'

The calculated 71 EG form factor fits to 6.? •

l»» ^ f 1 - /0 i- (curve Ml, whereas die experimen-
tal Doinis (curve 0} fit on the average to 9 '

10-4(1 - <o;-.

<
~

»

Energy
of tran-

sition

(MeV)

Radiative

served

Integrated

cross
section

for El
(MeV-mb)

Monopole
matrix
element
(cm 2

)

width - . ,

(kl™
(E2)

(keV)

44.5 2-3 5.3 0.35 20 6.3 x 10-26

(37) (0.33) (5.2 * 10-26)

49.0 2-3 19 0.45 35 6.4 x 10-26

(50) (0.53) (5.2 x 10-26),

form NBS-418
(8-1-43)
USCOMM-OC T 8 35 0*°63

u.s. department of commerce
NATIONAL BUREAU OF STANDARDS
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G.R. Bishop, B. Grossetete, J.C. Risset
J. Phys. Radium 2^ 31 (1962) 16

METHOD
Linac; neutron yield; radioactivity; Faraday cup and SEM

REF. NO.

62 Bi 1+ NVB

RESULT
EXCITATION SOURCE OETECTOR

1

REACTION ENERGY TYPE RANGE TYPE RANGE
ANGLE

G, N ABI 60-150 G 60-150 ACT-I 4-Pi

E.N ABY 60-150 D 60-150 ACT-I 4-PI

G,T ABY 60-150 C 60-150 ACT-I 4-PI

G.2P3N ABY 60-150 C 60-150 ACT-I 4-PI

35

I
a
(y n )

dE = 65* 5±9 MeV-rab

16

El, % E2 in giant resonance region

%ĉ
taefion O *

C y n J O *

hiii

I ! i

|

1

Fig. 5. — Courbes d’excitation avec production de lJ0 en
fonction de Fimereie des electrons incidents. Les ccrcles
pleins correspondent a l'activite dans le compartiment
avant et les cerch-s vides .iu compartiment arriere.

Fig. t*. — Courbes ^excitation avec production de l, N.

L’activite u l*or itrine dun isotope donne ctant

determinee a partir de n coups Jus a cat isotope, il

fauura done tomr compte do I'oeart v 'L mais aussi
de l’incertitude sur n qu introduit le fait de re-

trancher de l'activite totaie l'activite due aux
autres isotopes. Ainsi i'incertitude relative sur 13N Fig. 7. — Courbes d'excitation avec production de UC

form NBS-418
(R EV. 7-1 4-641
USC OMM-OC 26010-P64

Fic. . — Courbc d’excitation de Fc-lectroproduction d*
llO. Lcs courbes calculees corresDondent a unc isochro-

mate do - » MoV du spectre de photons virtuels pour les

hypotheses suivantes :

•ti Transition £\ pure. noy.»u ponctuei.

b) Transition E x pure. :.i*yau aistribue r 1 / =
1 . 63 ferinisj-,

c' Transition melange ’.‘5 ° j E x , 5 % E 3 , noyau dis-

tribue.

ili Transition melainjce vj J
3 £\. 10 °o E-. . noyau dis-

‘.ribue.

Fig. lo. — Courbe d’excitnlion de Felectroproduction ae
lJ

N’. Les courbes caicuices corespondent a une isoctiro-

mate ue do MeV. noyau uoinuue :

ii Transition M
x
pure.

b) Transition Ex pure.

Transition melange 50 °'>, E% , 50 % M\,

d) Transition £i pure.

U.S. DEPARTMENT OF COMMERC
NATIONAL BUREAU OF STANOARC
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Ref. H. Breuer, W. Pohlit
Nuclear Phys. 30

,

^17 (1962)

Method
3remss ,

• betatron; Nal counter; radioactivity.

Reaction E or A E E
0

r J n Notes

O
lD

(Y,n) 32.5 53.3±i+.7 MeV-rnb Integrals are to J2.5 MeV.

0
l6

(Y,2n) 0 . 090±0.020
MeV-mb

FORM NBS-418 U.S. DEPARTMENT OF COMMERCE 1

(8*1*6 3) NATIONAL BUREAU OF STANDARDS
'JSCOMM-OC 1855S-P63

PH0T0NUCLEAR DATA SHEET 281
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0 16

Ref. No.

62 Br 1 EGF



Ret.
N.A.Burgov, G. V. Danilyan, B. S. Dolbilkin, L. E. Lazareva, F. A. Nikolaev

Zhur.Eksptl. i Teoret.Fiz. 70 ( 1962 );

Soviet Phys.JETP 50 ( 1965 )

Elem. Sym.

0

Ref. No.

62Bul

16

Method

250 MeV Synchrotron, in tl^O “ magnetic spectrometer 06-

Reaction E or AE
s*

dE
J V Notes

(7,ht ) 18 . 9-26.6 ( 18.M

( 21 . 2 )

22.5

25.05

2^.5

25.15

iin 26.6
150

+*°)
" 10 18.9

E
q

peak positions corrected for

spectrum resolution.

result shows cross section for

reactions other than (y, n) and

(y, p) small in giant resonance region.

OAHHA-RAT ABSORPTION BT o" 53

’ levels 01 U“ in lUe range Jl — -3 MeV

i _j '»

He* u 23 *

- = j : i _0 j

•Th» of (•!

. Spicer 1.

,n '**• £>«>«on <o*ctnia fro® O" oonro^iit>*ctnu» fro® O- smrodiaawcniaon
'‘•V in i* *!. for 22.2 M«V in i V. .nd for 24.0 M«V

form NBS-418
(0-1-63)
USCOMM-OC 105S6-P63

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS
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w.h. bianco, W.E. Stephens
Phys. Rev. 126. 709 (1962)

Method Electrostatic generator, H^(p,y)He
J+

reaction; activation of
positron emitter; 2 Nal in coincidence.

Eiem. Sym. A

16

Ref. No.

62 De 1
JHH

Reaction

(r,n)

E of AE <7d E J IT Notes

20.4-8
^(7,n) = 0.60±0. 12 mb

FORM NBS-418

uicomm'Oc i«ose-Pes
U.S. DEPARTMENT OP COMMER>

NATIONAL. BUREAU OF STANOAB
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R ,L W. R. Dodge, W. C. BArber
: Phys. Rev. 122, 1746 (1962)

Page 1 of 2

Elem. Sym.

0

Ref. No.

16

Method
Magnetic analysis of proton spectron produced by electron bombardment 62 Do 1 BG

Reaction
s

<7d E J * Notes iHS r

(e,p) 30 E = 4.85
p 5.60

6.45
7.00
8.30

9-53
10.25
11.50

(also see

notes)

0.70
0.32
0.87

14.4

1.7
10.9

(see Table IV)

27 *

56±ll)
16.6

UAVV V r

FlC. i Otiftn 'f ff cross seeuoa

1 :WC <T9unu»tai*

transition*

For ground state transition Ey= 17*27
18.07
18.99

19.57
20.65
22.30
23.10
24.35

* 16 / \Calculated assuming 0 (7, p) transi-
tions which have N

1
" in its ground

state occur.

Correspondence between (e,pe') reaction
land (7, p) reaction. Assumed electron
jhas associated with it a virtual
Sphoton spectrum. Electron production
yields analyzed by use of El virtual
photon spectrum to obtain (7 , p)«

Angular distributions measured.

i 7 9 9 '0 n Z *3

PBQT0N ENERGY !MEV)

8 19 20 2i 22 23 24 23 2* 27

PHOTON ENERGY (MEV)

Table III. Summary of the excitation characteristics of the O
protons for Ep> 9.53 MeV.

Proton
energy
(MeV)

Ground
state

transdon
energy
(MeV)

Electron

energy at

which a

deviation

from an £1
Lsochromat

occurs

(MeV)

Branching
ratio

(%)

Energy of

excited

state

(MeV 1

9.58 22U1 31.8±0.5 8±8 9.5±0.5
10.55 23.50 30.0^0 5 25±lO 6.7 ±0.5
11.40 24.35
12.55 25.29 54.0

tBL* IV. Parameters of an approximate resonance curve fit to
the O cross section for 22 <£y <25 MeV.

Proton
energy
m peak
(MeV)

Photon
energy
of peak
(MeV)

Peak
height
at 76*

(mb/sr)

Photon
width
at hmif-

heiaht
(MeV)

f*(y.p)dEy
under

resonance
curve

(MeV-mb)

9.53 ’2.3 1.29 0.70 14.4 26.2
10.25 23.1 0.2 7 0.32 1.7 3.1
11.50 24.JS 0.78 0.87 10.9 19.7

Total 27.1 49.0

f-
3-

-Hr~~
IS

form NBS-418
( 0 -t-« 3 >

USC OMM-DC 18536-P 63

U.S. DEPARTMENT OF COMMERCE
NATIONAL. BUREAU OF STANDARDS
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RSf^

f J

i

Page 2 of 2

Elem. Sym. A Z

Method Ref. No.

Reaction E or A E E
o

r S^E J IT Notes

USCOMM-DC 18556-P63
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Ref.R.D.Edge, G. A. Peterson

Phys.Rev. 128, 2750 (1962)

Elern. Sym.

0

Ref. No.

62Edl

16

Method

Linac - counter telescope 6c.

Reaction E or A E
S'

dE J * Notes

( e j
e '

) ^1.5

E =scattered
e

electron energy

E =excitation
x

energy

no resonances
detected
below E =16

Nuclear states excited by 180

electron scattering. Ml transitions

assumed.

form NBS-418
(8-1-93)
UiCOMM-OC 18856-P93

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS
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REF.

F. V. K. Firk, K.

Proc. Padua Conf.

METHOD

H. Lokan and C.

804 (1962)

ELEM. SYM.

M. Bowey
16

REF. NO.

8

62 Fi 2 JDM

REACTION RESULT excitation
ENERGY

SOURCE oetector
ANCLE

TYPE RANGE TYPE RANGE

G.N RLX 18- 29 C 26- 32 TGfF-D 2-15

5-01

Fig. 1. The relative Cu(y, n) cross-section for E
ym»z

= 32.5 and 25.2 MeV.

form NBS-418
[REV. 7-14-S4I
U3C0MM-OC 2S010-P64 PHOTONUCLEAR DATA SHEET 288
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H.

Z.

METHOD

Fuchs, D. Haag, K.H. L indenbe rge r , U. Mey
Naturforsch. 17a , 439 (L962)

Neutron spectrum; Stilbene scintillator

er-Berkhout
16

REF. NO.

62 Fu 5 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G , N ABX 21 - 31 C 31 SCI-D 90

(90 + 13)

FORM NB5-418
(R ev. 7-1 4*04)
USC OMM.QC Z0010-PS4

Abb. 2. Ergebnisse fur den 0 18-Kern. 2 a and 2 b: O l8 Photo-
neutronenspektren, gemessen bei zwei voneinander abwei-
chenden Einstellungen der Impulsiormdiskrirmnation. End-
energie des Bremsspektrums £<, = 31 MeV. Beobachtungs-
riebtung gegeniiber dem y-Strahl 6 = 90° X 15°. 2 c: Wir-
kungsquerschnitt fiir die 0 18 (y,n0 ) O l3 Reaktion. berechnet
aus dem Spektrum 2 b unter der Annahme, daB der 0‘*-Kern
stets im Grundzustand zuriickbleibt. Die Fehlerbalken geben
den statistischen MeBfehler an. Die Unsicherheit der ange-

gebenen Absoiutwerte betragt elwa 25%.
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Ret
‘a. N.

G

orbunov, V. A. Dubrovina, V. A. Osipova, V.S.Silaeva, P.A.Cerenkov

Zhur.Eksptl. i Teoret.Fiz. 42 , 747 (1962);

Soviet Phys. JETP !£, 520 (1962)

Elem. Sym.

Ret. No.

62G0l

16

Method

synchrotron - cloud chamber BC-

Reaction E or AE ad E J rr Notes

(y,p)

(7>n)

170

ymax

170

129) 0

105)
170

^-i

°-2

<T (E)E
-1

dE (Table IV)

<T (E)E
_2

dE (Table IV)

(y, Pn )

(tA)

(7An)

(t^ u>j)

59)

O
15

>

438)

170

o

170

o

170

0

170

0

Absolute value of yields given in

the article.

(y, n) and (y, 2n) could not be

distinguished - all were taken to

be (y,n); similarly (y, p) and (y, <*)

were all taken to be (y, p).

Charge distribution parameters were

determined.

Tibia [

Reaction

Reaction Thraehoid.
Me V

Reicuoti

Reecuaa ThreehoId.

MeV

*. > • \> N 0 St

(7. 'll : . r> '»i 16 -
i 1-

' - II.--
<7. 3'

*
*

. : t 1 2 . ' i
. 7 :tr.

.

i.» v. i

17 . w) _ _ p) 17. 2v,. 2- -i

(7. 31 I ' . _i-. — — S.;

17 . 31\ i_ .
• .

_
' »7. rl* — ! 1 . ,

(7. 2hl ... . J - ” )
• . —

•7- "?: . 1 !•>. "M (7 Lc-r. 11

17. -O' . > ... -
'

Tibia rv

Reicuon type

Ma V-anp (7n , ao <7.,, ab-MeV*'

He* s- O'** Ne He S'* O'* S( He* N-
|

O..
|

N.

7. P) AS AS 129 tfiSI I.'i9 2.3, 5.3 6.3 0.035 0.14 0.22 J 25
'7- •**) -t-a t 1 0 t X -V 1 •O 15 3.. 3 5 0.031 0.'J6 0.11 J.tU
7. on\ 12 123 o9i 6b. 0.13 3.1 1 A l . a 0.003 0. IS ').»'3 O.03
7. 2 )

— S' ..61 - iO.J 'J. 3 0.6 0 01 ''."2 ,0.0?
m) — 5

:
15: AS! — 0. t 1 0.3 1.0 0.oo:j;0."»5 :o.02

S.cr.:
2-oron

f

— 52 71 lot — 1.2 1.4 ..2 0.v3 0.0J 0.12
V-pcong —

) 27: 341 — 1.6 5 1.5 — O.o; .0.0! 0.0t
5-proo* — 14 li: I5i — 0.2 'j.3 0.2 — 0.UU2 •»).> 1 ). 003
6-pron« - 5^ 10 — — Q.u3 0.1 —

|

— *J.00t

!
1

*

^•ip 95= “ 347 438:60012. •0±0.15 [12.3112.3 13.0'0.07±0.005'0.46 0.-.3 0.60

60 210 240-3001 2.3 t2. 1113.1 19.51 0.023 0.13 0.23 0.33

^esp- ^theor t.s 1.65 t.S 2.01 1.04 1.031 0.93' 0.9' 3.0 2.6 t.S 1.8

• O
ffX

—experimental value of the integrated abaorption croaa tecuoni <7„ CT_, and <7^.
•• The theoretical values <7.i,eor nava been calculated by meana 0 i tha expressions:

<T% -NXNZ/AlMeV-mb; C7_, * 0.36 A 4 '
-nb; !7n » 2.25 A,/1 ^b-MeV”'.

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDSform NBS-418

(0-1-63)
USCOMM-OC 1 8556-P63
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Ref. A. N. Gorbunov, V. A. Osipova Elem. Sym. A z

Zhur.Eksptl. i Teoret.Fiz. kO (1962);
Soviet Phys.JETP 16* 27 (1963)

0
..

16 8

Method Ref. No.

synchrotron - cloud chamber 62Go2 80

Reaction E or AE
s

<7d E J rr Notes

,16
(Y,P)N

15
0-170

j0
l6

(T,n)0
15

16.

5

20

23

21.5

2^.5

117±5

see Tables

3 and 4

86±3

see Tables

3 and 4

: 4B&
TEbIHs tositloM phntnwnclaer reaction* in oxygen^*

Tnm atl

»T
-
8:

«)
pn)
a)
«*)

./w)

:5f‘
,2**-

3004
1105

. 291
204

1147

. -YiaaSt^^r;

370'
218

]

Tlald r«Utl*«
» <r. t»> mid

•7.4a
7,2vrt

T,2#3«2it

173

136

160

23

0.60 ±0.024
0.220*0.007
0.054± 0.004
0.041 ±0.009

-a.3apxo.0a*

0.0*7 ±0.004
0,030 + 0.002
0.074 ±0.004
0.044 ±0.003
0.002 ±0.001

|

0.000 ±0.004.

1 0.035±O.0Q3
;

0 027 ±0.003

I 0.038x0,009

[

0.032*0.003

0.005 ± 0.001

44.0
26.4
3.7

m-
10.1

_ 2. M

3.5 *>r

,
Ut
0.2

Y(Y,n)/Y(Y,p) = 0.60±0.02li

Angular distribution fitted to
2 2

f(0) as A 4- Bsin 0 + Csin 0cos0 +Dcos

(includes interference between El,

E2 and Ml - Table II)

Table IV

£- <IT MeV

‘7- P) ino = i**- it: = 5

17. /it 63 = 1 '6= 3

• T> Pn >

* 9=1 b*» — 5

17. 2) i e

(7. *3)
I

° 0

R emaimng
:

(IS)reactions **r„

section tor
photon ab-
sorption ' IS3 i20t)’*

HI

Tibia n

|

«i*44aV-Q
8/A C/A

o.:> —
i — <»

d-d
•* - 13

15—30

5-11
tl —30

30 =
*1 -.3

IS X 3

Proton* from Ou (y, p)N“ 1

I ... I

I .2 tll.H

I .» ±0.5
1 .2 ±0.7

; ± 0.8
• ±0.6
' rl.l

0.1 ±0.3
0. 4X0.4
0.4 ± 0.4

Neutrons from 0**(y, n)Ou reaction

• ».ri±i».l — I —
l.l±".d 1 . 1 ±0.7 0. 1 ±0.3

Table IIL Integral cross sections for the (y, p) and (y, Q

)

reactions in oxygen (in MeV-mb)

aaction

1
1

2 3

£r d.»» £t
>M E, L.IW

|

£,•::-> £..:*• Ey ! Sy CI70

(7 .p) ‘Hi 17 107 !

1

!m> 1 17 117

I

I 129

( 7 . n) Kit 21 .81 1

i

Total 150 38 188 | 103
I

28 1 203
1

234

Note: 1 - calculated undar tha assumption that Uia final Nu and O'* nudai are pto-

docad in tha ground state; 2 — a correction has bean introduced to taka into account

(qualitatively) transitions to aicitad states of N" and Ou; 3 — estimated in from

tha absolute yields of tha (r . P> «nd (r . n) reactions (Ey is given m MeV>.

form NBS-418
( 8*1*63)
U9COMM-OC 18856-P63

•Tha integral crass section for tha (. pn)
reaction was calculated directly from tha cross
section for this reaction.

••Shown in tha parenthesis is tha upper
limit for tha cross section in which the appro**
mats cross sections for the remaining photo-
nuclear reactions were taken into accounts
•••The errors connected with me deter-

mination of the absolute irradiation intensity

are not shown in tha table; they are % l"»

FIG. 3. Angular diainbutions of tmrtoaa of dJ-
fetes t energies •anted in < v, p) reacnoas.

FIG. 4. Angular distnbsooaa of Beaneos
• ratted ta the (y. at reactnoa.
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Ref. A-J. Komar, A.V. Kulikov, V.P.Chizhov, I.P.Yavor, Yu. M. Volkov

Zhur.Eksptl. i Teoret.Fiz. 1657 (1962);
Soviet Phys.JETP 16, 1168 ( 1963 )

Elem. Sym.

Ref. No.

62Kol

16

Method

y bremsstrahlung - cloud chamber, scintillation counter telescope 06-

Reaction E or AH
S*

dE J rt Notes

(7, dn)

(V, dp)

ymax

90 MeV

Emission of photodeuterons accom-

panied in most cases by emission of

protons or neutrons. There is a

pronounced correlation between

directions of emission of

deuterons and accompanying protons

and neutrons.

Reaction

I

Yield,
per cent •

Thres-
hold,
MeV

(7, ip) 41 28.23

(7, in)
!

41 -'ll .2

Multiprong
disintegrations

,

18 -

UJ. OKPARTNCNT OF COMMERCE
UTIONAL BUREAU OF TAMOAAOSform NBS-418

(3-1-63)
U3COMM-OC 18B36-P63
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CL CM. JIM.

METMOO

W.T. Morton, T.G. Walker
?k±l. M*t- Z> (1962)

Synchrotron; p and or crons uct Ion; nuclear

0

REP. NO.

16 8

emulsion 62 Mo 2 VB

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYRE HANOI

G,PA A2I 25-120 C 120 SMD-D hPi

I

120

f adX = 0.3±0.2 MeV-mb
J
0

i

i

i

i

i

i

i

Fig. 2

Energy dependence of (y, p-f a) reactions in 12C, 14N and lttO.

form NBS-418
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Phye. Rev. 125. 335 (1962)

Elem. Sym. A

16 8

Method

Llnac; N«I; detector at 90 •

Tcnr*
62^5e=*a* JHH

Reaction E or AE
s
crdE J» Notes

0
16

(y,T>
Bremss.

;

~ 16 6.9±o.l
7.12 MeV level not evident, but data
does not exclude its presence.

form NBS>41S

ukomm'OC i*ese-p«a

ux
or

PHOTONUCLEAR DATA SHEET 295
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M. Suffert, G. Costa and D.

Proc. Padua Conf. 342 (1962)

METHOD

Magnac- Valet te

C.L C.M. jYM, .A

L6

REF. NO.

62 Su 2 JDM

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

D,G RLX 21-25 D 1-5 NA1-D 90

*.• a* n.t nj

Fig. 2. The differential cross-section at 90° for the ground state y-transition

from the reaction N14(d, yo)O l8 versus excitation energy in O 18
.

The horizontal bars represent the energy loss of the deuterons in the gas-

target. The indicated errors on the differential cross-section are only statistical

and do not include a possible systematic error on the absolute calibration or back-

ground subtraction.

form NBS-418
(R EV. 7-t 4-«4>
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Ret. R.H. Augustson, N.N. Kaushal, H.A. Medicus, vJ.R. Moyer,
E.J. Winhold, P.F. Yergin

Helv. Phys. Acta 36 , 8l6 ( 1963 )

Elem. Sym.

16

Ref. No.

63 Au 1

Method Linear accelerator; neutron spectrum; time-of-flight.

NVB

Reaction E or A E ad E J » Notes

0
l6

(7, xn)
Bremss.

56

k6

27.7

30.4

Neutrons measured at 90°

•

30 .

k

MeV peak doubtful (HAM)

DDr

j\ ,

/('aK

IQ 12 « Mev2 4 6 3

Fig. 1

Photoneutroncnspektrum dcs o'". trwst -lurch lirwm*.tr»hlun8 von 4-. Mc\ Eacnjic. I Ms

Spcktrum ist nicht komgiert m bozug aui Form tics r!rcmS>trah!unas» i
>cktrums urn! /-..hlcr-

ansprcchwahrscheinlichkcit. Auigetragcn tst die Stosszahl in willkiirhchcn Einhciten als 1-unktmn

dcr NcutroncncijdrBic

16 It

Fig. 2

Energiereicher Toil tics Photoncutronenspcktrums. erzeugt durch Brcmsstraldung too 5(> MiA

Enorgie Bcnachbarto Mcsspunktc uurden in t.ruppen von vicr zusammengeiasst. um die Statistik

zu verbessern

form NBS-418
( 8 - 1-631
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Cl. CM. STM. A Z

G.R. Bishop, C. Betoume, 0.3.

J. do Physique 24, 973 (1963)

MCTKCO

Isabelle

0

ncr. MO.

l6 '

Linac; electron. scattering; magnetic spectrometer

AUCTION MOULT KXCJTATION
DtCMY

(OUNCE oktkcton
ANOUKTV** RANU TIM HANOI

E,E/ FMF 11 - 14 D MAG - D

i

. _ _
-

I

t

I

i

i

j

I

TAELEAU 1

Enercie
d’excitation

MeV

Spin,
Parite,
Isospix

Larceur
TOTALS
keV

PllO BABILITE DE
TRANSITION REDUITE

Coneiguration
5(X)
Single
Particle

11,51 2 + 0 SO x (25,3 - 5) X lO-51 cm* < lp|7i[t/ >* IM * to—41 cm*

12,02 o-f n — (12,0 ± 2) x 10—53 cm* < lpU.ll/ >* «r-**cm«

12,96 o i 2 p, x (7,9 ± 1,5) X 10—“ cm* < lp|/ x |li >* 3 X
13,09 t- i 130 p, x (2,1 ± 0,2) x 10—17 cm 1 < lpjjjlii >» 3,75 X
13,25 3— i 21 p, x (2,34 ± 0,4) x 10— 7‘ cm* < lp|/ 3 jli > 1 48 X 10—41 cm*

13,65 1+ 0 64 p, x (1,47 ± 0,3) x 10—17 cm 1 < ISIJ^U >* 2,6 x 10-“ cm*

fowm NBS-418
(R*V. 7-14-M)
USCOMM-OC 14010-#»«4

if
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Ref. J.I. 1.1. Emmy. I.L.
Hr*. Lmttmn 213 (1963)

3.c. rules Elem. Sym.

16

Method

fbmtoaa (— 1 hi 1stloo- in* flight)
tier. No.

63 c« 1 EGF

Reaction E or iE erd E J V Notes

(7,*) 15-30

FORM HBS-^18
(8-1*4 3)
USCOMM-OC 18858-P63

24

I 23 ± 2
0

28
r 44 ± 11

0

MeV-mb

No sign of (y,2n); max value (O.lmb

Ft*. 2 . FM—ara cro— .ectloB (or 3I 28 *«t»m mmrfj.

Table 2

Experimental aad theoretical dipole strengths for O 16
.

Table 1

Energy levels observed for Ol6

0 16
(Y . n)4rr

(MeV)
Present work

O
™3~o

-

olSH

Oo n 15 (p,y)
(MeV)
Ref. 6>

0 16
(y . P)76° 1

(Me VI i

Ref. 7)

16.0 16.2 (1+)

17.2 (1-)

17.1 17.3 (1-) 17.3

19.0 19.1 19.0 19.0

19.3 19.6 19.5 19.6

20.3 20.7 20.8 20.6

21.0

21.8 21.7

22.1 22.2 22.3 22.3

23.1 23.0 23.1 23.1

24.0 24.3 24.4 24.4

25.0 25.0 25.0

-25.4

26.2 26.3

27.3

23.9
1

Experimental
Levels
(MeV)

Particle-

hole

Levels *

(MeV)

Fractional

Dipole
Strength

(Experimental)

Fractional

Dipole

Strength *

(Theoretical) 1

16.0 0.002 + 0.001

17.2

(

17.3
17.3 0.006 i 0.002 0.08

I

19.0
' 19.3

0.016+0.003

20.7

21.0
20.4 0.014*0.005 0.001

21.3

22.1
22.6 0.19 x0.07 0.67

23.1

24.0

'

25.0

25.4
25.2

|

!

0.32

• Ref. 3>
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E. Finckh, R. Kosiek, K.H. Lindenberger
,

K. Maier,
U. Mey«r-Berkhout, M. Schechter, J. Zimmerer
Z. Physik ljk, 337 ( 1963 )

METHOD

3etaCron; proton spectrum, cross section; Csl spectrometer

I
EL. EM. SYM. A

16

REF. NO.

63 Fi k NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G, XP SPC 14-30 C 31 SCI-D 2-15 90

(30.5)

30.5
adE = 72 MeV-rab ±15 °ja, assuming ground state transition only and W(8)

lA.l

1 + (4-±2)
2

sin 9

Fiz. 6. Differenuellcr Wirkunesquerschmtt fur Photoprotonenermssion aus O 14 unter QO 3 zum y-Strahl unter

•ier Annahme. dad nur Grundzustandsuberzance vorliegen ( Differcntieller Wirkunesquerschnut

fur Phoconeutronenemission aus O'* unter 9»)° nacb Fuchs und Haag 4
( )

TOr-

Mwr ]

WSSn
irM (AFT*

1

W* •

f Afc

'TT^rra
Trt. ! 'f

W*r
**.| »» b

«esi

(160) ! «UJ
|

1«3X i -t I6.2Sa
u6,*y " v . 1W9f

_ . . 17.13 F /. -

17JO 17.27 17.35
|
17.3 17.36 1 17.36

v.-e.- .

!
i

17.63 ('

18:1(7 IS.07 1
1 8.25 18.06 1 IS.2 18.06

(««•«... !
18.7

,

19. 1a 18.99 1*05 19.1 19.4 19.3 ! H7.19

. 147 . 19,57 19.6 19.6

19.9 (31X01

20.2 !

.
20.7 20.45

'

30,75 30,9* 20.9 21.0 20.9 20.9 21.02
21.7 2I.5«

2X05 2X3 21.

S

22.35 23.25 2X2 22.33
23.05 (2X3) 23.15 23.0 22.0

24.05 24,4 24.4 24.5 24.3 24.2

(34.3)

35.0 25.0 25.1 5 25.0 25.o
-

i i 2La | (25.5) i b -

1 Cohen, S. G., P. S. Fisher and E. K. Warburton : Phys. Rev. 121. 35S (1961).

1 Tanner, X. W., G. C. Thomas and E. D. Earle: Proc. Rutherford Jubilee

lot. Conf. Manchester/London 1961.
2 Tanner, X. W. : Private Mitteilung.

4 Lazarewa, L. E. : Private Mitteilung.
5 Firk, F. W. K., and K. H. Lokan: Phys. Rev. Letters 8, 321 (1962).

• Fcchs, H., u. D. Haag: Z. Physik 171, 403 (1963).

12 Dodge, W. R., and W.C. Barber: Phys. Rev. 127, 1746 (1962).

30 Jones. K.W., L. J. Lidofsky and J.L. Weil: Phys. Rev. 112, 1 292 (1958).

21 Wong, C.. J.D. Anderson, S. D. Bloom, J.W. McClure and B. D. Walker:

Phys. Rev. 123, 598 (1961).
‘

22 Dearnaley, G., D. S. Gemmel, B.W. Hooton and G. A. Jones: Phys. Let.

1. No. 7, 269 (1962).
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H. Fuchs, D. Haag
Z. Physik JJ1, 403 (1963)

METHOD
Betatron; neutron spectrum, cross section;

ion chamber

stilbene scintillator

16 8

NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.XN SPC. THR-51 C 31 SCI-D 2-13 90

l

1

1

Fie. 5a u. b. Spektren der Photoneutronen aus Sauerstoff, unter

90° bei E0
= (30,5 ± \ ) MeV. a und b Ergebnisse zweier unab-

hangjger Messungen mit verschiedener Einsteliung

der Impulsforrodiskriminatioa

n Mi lone, C„ and A. Rudbino; Nuovo Cim. 13, 105:

W -'•? 22

iUr °,,,V 'y0 "' bereChnet aus dcm Neutronenspektrum in Fig. 5 b unter derAnnahme, dad 100 „ L oerganne turn Lrundzustand von O'* vorliesen. Die rechte Skala gibt iaiiQ too*)
AbS°iUtangaben emen Fchler von -°°'> ™{ - '‘“'‘-end <iic linke Skala a aiut.bt. bereennetaus dona (90 ) .inter der Annahme. dad die Winkelvene.lun? die Form A - B • sin* B babe mit BIA = 2 - t

fur alle Neutronenenentien (vgl. Ret. " Der Fehler in den Absolutwerten ,st rtort etwa to-,.
“

Die Fehlerbalken geben den statistiscnen Fehler an

FOSM NBS-418
(R ev. 7-1 «-«4>
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Ref

.

Elem. Sym. A Z

PAGE 2 0 16 8

Method .

Ref. No.

63 Ge 2 JHH

Reaction E or A E ad E J ^ Notes

Table I. Cr'fv.iii level structure.

Level

-.•lency

Mt-V _

A'ldth

(MeVi

Peak

cross section

Neutron

* idth

i MeVI

Proton

width

Me Vi

'dipole*

‘Ice Vi

Integrated

cross

J .030

1.030

0.00

0.40

0.05

0.

196

>.:»»

1.393

I.549

1 . 229

2.703

9.J55

1.229

I. 474

2.211

2.949

2.

-I34

J. 563

11.736

I I

.

204

4.915

l J. 76 2

12.773

9.004

) .007

1.005

0 . o06

0.004

0.914

0.033

0.174

0.021

0.071

0.095

0.012

1.062

0.008

0.009

0.909

0.097

0.016

0.221

J.102S
1 .0029

'. -18

0.086

9.048

'.909

I . '963

0.146

0.019

J. 139

0.056

0.052
•). iZJ

0.210

0.964

0.915

0.013

0.912

0.023

0.029
•l. 190

1.140

0.7-1 •

0. !15

0.

544

1.

J99

0.146

1.114

1.929

0. 464

FIG. 3. Distribution of radiative widths from thresh-

old to 23 MeV for the levels of O11
. For comparison

the predictions of Elliott and Flowers and the systematic

£1 and Ml variations of Morpurgo are Included.
form NBS-418
(a-i-*3)
USCOMM-OC 18556-P83

Table H. Comparison erf resonance parameters 3t
calculations of Elliott and Flowers*with ibis es^csi-
ment.

~

•

-r- -i
'

i inns'

Theoretical Experimental

Level

configuration

Energy Radiative

Width <r

)

y
(MeV) (keV)

Energy Rartlaitrs

Width IF )

r
(MeV) dM)

P\n 17.3 0.140 17.3 o.oe®-

Psn~ ls
\/7 20.4 0.02 20.45 0.018

P J/t~
ld

5/2 22.6 12.0 22.47 1.48

a
See reference 3.

i

i

S
J. P. Elliott and B. H. Flowers , Proc. Roy. See.

(London) A242, 57 (1957).

*G. E. Brown. L. Caatillejo, and J. A. ' Evsm^SmL^
Phys. 22. 1 (1961).

5Evans Hayward, Rev. Mod. Phys. 35, 324 (1965).

®N. W. Tanner, G. C. Thomas, and E. D. Earl**

Proceedings of the Rutherford Jubilee International C—ft
ference, Manchester, 1961, edited by J. lif. BtrxmOttT--

wood and Co., London, 19829. -

J- i——— ~ y —»aa— - —
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Ret. S. Gorodetzky, W. Brenenson, P. Chevallier, D. Disdier, F. Scheibling
Phys. Letters 6, 269 (1963)

Elem. Sym.

16

Ref. No.

63 Go 5

Method
Nal; plastic scintillators

JHH

Reaction E or E
s
*dE J » Notes

»15 (p,y)

1.010

k.k

5A

5.55

13.10

16.22

17.13

1700

Ratios of a

,+

(to 6.06 level)
Co V

( 8±2 )
10" 5

( 1 . 6±0 . 5 ) 10
-1

(1.6±0.5) 10

<: 1.3 X 10

-1

form NBS-418
( 3 - 1 -83 )

USCOMM-OC 18SS8-P83
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Ref. D. F. Hebbard, G.M. Bailey Elem. Sym. A Z

Nuclear Phys. 666 ( 1963 )

0 15 8

Method cockcraft-Walton; y-ray yield; Nal
Ref. No.

65 He 1 JHH

Reaction E or AE ad E J it Notes

1A, .

N (p,y) 0.21-1.07

0.278

1.060

7.55

8.28

wr
y

0.51x10
eV

-3

0.210 eV

: NON-?£S0NANT

God.

(Stott

—9.47 ** 2300

(U«V)

— 8 29 1* •1060

“'551- 273

^6 86 7.29

^6 79 r
—6.16 f-

^S2itn
''S!9(i-)

5.18 16J6 579 (M«V)

— 000 *-

Fig. 1. The non-resonant gamma-ray transition observed experimentally are shown by full lineson this energy level diagram of O". Several levels, of no importance for non-resonant capture, are
omitted from the diagram.

form NBS-418
(8-1-03)
USCOMM-OC 18550-P63
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Ref. D. B. Isabelle, G.R. Bishop

Nuclear Phys.
J+5,

209 (1965)

Elem. Sym.

0

A

16

z

8

Method Ref. No.

63IS1

Reaction £ or AE E
0

r
S

<7dE J* Notes

(e,e') E
e
(ej

90(100)

.00(60)

22.6

( 1 ") El - some indication that it

unresolved pair of levels,

important El, other E2.

could be

More

150(70)

215 ( 80 )

(2
+

)

U")

E2

El

Fig. Spectra of scattered electrons obtained with high resolution in the region of the giant resonance.

The momentum transfer is the same, q = 1.33 fm-1
, but incident energy and scattering angle are

varied. It is clear that the three peaks near £ = 25 MeV are independent of scattering angle, whilst

the peak at 19.3 MeV shows a strong angular dependence.

TABLE 7

Comparison between the experimental values of the radiative transition probability calculated using

the folded charge distribution model (F.C.D.) and the independent particle model (l.P.M.i with the

theoretical value for the single particle model (S.P.M.I

Level #EI>eIP F.C.D. £<Ei)„ p
l.P.M. S(EI )tsS.P M.

25.7 MeV
I

9.7

• IO
_rT cmJ

6.4 • 10" 17 cm*

8.7 * 10“n cm*

5.8 * I0" JT cm 1

8.6 • 10-n cm*

8.6 - 10
- *7 cm*

Electric character established by

performing experiment at constant

momentum transfer and various scat-

tering angles.

Details given on radiative tail

calculations and corrections to data.

Data given for e£B and F^(q),

the inelastic form factor (ratio of

experimental cross section to Mott

cross section)

Table 8

List oi the differem levels observed in oxygen 16 in ihe energy range 1 7 to 26 MeV with various type oi reactions

Tyre* of
Rer

reactions
Energy of excited levels

0'*';\p)N ,J •) IS .

8

19 3 20.6 24 :s •

0'*(;\ p).V‘ b
) U 8.7) (19.5) 1 20.5

)

22.2 24.2 f 25.3)

N'-'.p,
;

.0'* c
)

18.97 19.5 21 22.2 23.1 24 3 25 2

0“(e. pe )N“ d
) 13.99 19.57 20.65 22.30 23 10 24 35 25 2

()'*(;•. niO“ •) 17.3 18.25 i 8.70 19.1 19 6 19 9 20.2 20.7 21.7 23 24 3 25 25 4

Ou Cy. n)0“ f
)

22.3 23 06 23 45 24 4 25.15 25 9

ni()' s “) 17.3 19 3 22.5 24

()‘ i;\ ntO“ 6
) 17.5 19.4 21.1 22.2 1 23

)

• 24 2)

N' tp. P»V # *) 17.34 18.06 18.5! 19 19 20.45 21.02 21.54 22.32

N"td. , lO l * ') 22.0 22.7 24.8

O'Ne. c )
k

> (17.4) 19.1 21 22.6 24.1 25.7

‘i C. Milctne. S. Milone Tumburmo. R. Rmzivillo. A Rubhmo and C. fribuno. Nuovo Cun. 7 (19581 "29: *cc ulvo P Brix and E. k. Maschke.

Z. f. I'hvs. 155 (1959) 11)9

'•) II. G Dosch, E. fmckh, K. li. Lindcnbcrgcr. K. Maicrand U. Mcycr-Ocrkhout. private communication

•I See ref.').

•'l W K. Dodge and W. C. Harbcr. Phys. Rev. 127 (1962) 1746

••
j | W k. I irk and K. II. Lokan. I’hys. Rev. Lett. 8 11962) .'21

»
, N a. Hurgov. G. V. Dan. Ivan. B. S. Dolbilk.n. L. Lazareva and F. A. N.kolaycv. JETP 43(1962) 70( English Translation Sov.et Physics J ETP I6( 1963 ) 50)

<, l. N Bolen and W. D. Whiiehead. Phys. Rev. Lett. 9 (1962) 45K

n
) J Miller. (_' Schuhl. Ci. Tamas and C. Tzara. Phys. Lett. 2 11962) 76

') (. Dearnaley. I) S. Gemmcll. B. W Hoston and G A. Jones. Phyv Lett, i 1 1962) 269

i| \1. Sullen. G. Costa and l) Magnac-Valette. Proc. of the International Symposium on Direct Interactions and Nuclear Reactions Mechanisms.

Padova tSept. 1962). ed. by L Clemente! and C. Villi iGordon and Broach Science Puohvhers Inc. V-Y. 1963)
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Ref. J.A. Scheer, K. Schllipmann, F. Triantafyllidis
Phys. Letters Jj 2^9 (1963)

Elem. Sym.

0

A

16

z

8

Method
Betatron; Si solid-state detector

kef. No.

63 Sc 1 JHH

Reaction E or AE ad E J >r Notes

o
i6

Cy,p)
Bremss.

31

1| L

r
*Lvl/

/ I

A

- r i
1-, i

^ U

from aw reaction O l *< Ai tha lomr <ml o/ tiM nmina t

WIMM to loout 2W <%m to larfa mtq lou correctioaa.

form NBS-418
(a-i-93»
USCOMM-OC 18S96-P93

U.S. DEPARTMENT OF COMMERCI
NATIONAL. 9UREAU OF STANDARC

PHOTONUCLEAR DATA SHEET 31

1



M.

J.

METHOD

Suffert, G. Cosca,

J. de Physique 24 .

0. Magnac- Va Lecce

1029 (1963)
16

Van de Graaff; inverse; Nal speccromecer 63 Su 2 NVB

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

D.G ABX 21-25 D 1-5 NAI-D DST

V

dir*

r

dV-

‘1;
|

uH (aiJ '‘o I

... i. !

l

l

•3
d*i

1,

T T
j

*
!

T
-j- 4. .

1

[

l
- i

r

ao as 243

e„c*o (h*vi

Fl
f- ?n- ^ction ciTic.ico differcntiellc a 90° do la nine Lion

Vo) O on fonclion de l'energic d’excitaliou dansO au centre de la able gazeuse. Les barres horizon tales
'"rt'quent la <lispersion d’energie due a l’epaisseur de la
•able. Lerreur mdiquOe pour la section efficace ne com-
prcnd pas une erreur possible sur le calibrate absolu de
i ensemnie.

0.1k

3 V 30* «S* «• ?S* 90* tJS» *20* 30* -*S» 40»
anat

Fig. 9.— Distribution angulaire de la reaction uX(d, Vo)
wO

a McV ii'eine = 2,56 .MeV). La courbe en
trait plein represente la courbe ajustee d'apres la ine-
Lhode des moindres carres. Ellc est de la forme :

(F(0i = l — (0,18 3 0.071
— (0.52 ± 0,091 P2 — (0,27 ± u,o9) Pz— i0,0L ± 0,07) Pt .
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(R EV. 7.14.64)
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G. Baciu
Rev. Roum. Phys. 2? 783 (1964)

EL EM. SYM. A Z

0 16 3

i

* METHOD REF. NO.

64 Ba 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

G,XN ABX 15-28 C 15-28 BF3 -I 4PI

ZL*. 0/C YLD=1.7( 22 MEV )

FORM NBS-4T8
(R ev. 7.1 4.84)
USC OMM.DC 28010-P84 PHOTONUCLEAR DATA SHEET 31 3

U.S. OEPARTMENTOF COMMERCE
NATIONAL BUREAU OF STANOAROS



G. Baciu, C. MoLino, B. Minecti, L. Pasqualini, G.

Stud. Cercetari Fiz. _L6, 903 (1964)

METHOO

Piragino
16

64 Ba 5 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XN ABX 15-28 C 15-28 BF3-I 4PI

Tabela l

0>» [Y. Tot

1

Autorii

I

(mb)
E„

(Muv) <*ilEi «* lEt <r,/£,

Maslatn 1051 11,

G

22,4

Katz 1051 13,1 22,9
MoiUalbcltl 1953 11,0 24,2 0,85
1 lalpcrn 1951 H.G 22,0
Uarbcr 1955 8,3 22,5
Cook 1957 10.4 22,3
Roalsving 19G1 7,9 23,0
Valonre medic 10,0 22,4 2,l)»i

Culler 19G3
Cucrarca dc

12,78 22,47

1,23/17,55

2,95/19,47 13,76/22,15

faU 19G4 9,50 22,45 1,30/17,50 1.95/19,50 9,50/22,45 9,20/24,10 1.7H
Rolen 19G2 — 1,3/17,3 l.G/19,3 8.4/22,3 8,3/24.1

form NBS-418
;rev. 7-i *-

USCOUU-O C 250'0.p*4 PHOTONUCLEAR DATA SHEET 314

U.s. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



W. Bertozzi, P. Demos, F. Hanser,

W. Turchinetz, R. FulLwood and J.

Proc. Paris Conf.* 1026 (1964)
: METHOD

Polarization Data

S. Kowalski, C. Sargent,
Russell

£L £M. 3 ’•M. Ta

16

REF. NO.

64 Be 8 JDM

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

$G.N NOX 17-32 C 32 SCI- D 2-14 DST

form NBS-418
(REV. 7-1 4» 04)
USCOMM.0C 20 01 0-P64 PH0T0NUCLEAR DATA SHEET 315

U.S. DEPARTMENT OF COMMERCE
NATIONAL 9UREAU OF STANDARDS



1

G. R. Bishop, D. B. Isabelle and C. Becourne
Nucl. Phya. 97-113 (1964)

[Page 1 of 3l

METHOD RBF. MO.

Linac 64 Bi 2 JOC

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ ABX 0-150 D 90-215 MAG-D DST

3 sum rules calculated and measured SUM RULES

counts /MeV-pC

j
{{

20

f I

t I

50 50 70 50 90 100 110

Excitation energy Mev

MMi i'i
<20 JO <40

fi* t V*
i“el“tic spcc,rum obtiUned for a scattering angle of 90“ and a momentum transfer of190 MeV/c, by variation of both incident and final electron energie* aa the excitation energy e

increases.

Table i

The cross section for electron scattering obtained for fixed incident energy and fixed scattering angle

E,

(MeV)
d*

<r.

Uib/sr) Oib/sr)

<tl3

(jib/sr)

<719.5

(/ib/sr)

<7 i*ll

(/ib/sr)

<*<7,0,

d<2,

exp.

Cub/sr)

dcr,o,

dfl,

theor.

(jiblit)

100 60 238 •> *) •) 17.2 255 221

90 100 16.2 *) *) *) 5.15 21.5 17.7

150 70 10 7©Xv->orn 6.04 x 10-* 10.6 x I0-* 2.01 12.5 20.6

150 90 1.0 9.00 x 10“* 13.9 X10-* *) 2.64 5.09 5.02

150 115 6.6 xl0*» 7.8 x 10*' 5.78 X 10-* 7.26 x 10-* 0.958 1.33 1.68

160 120 1.26 x 10-* 3.5 x 10”* 2.68 x 10-* 4.08 x 10-' 1.28 1.39 1.35

215 80 5.42 x I0-* 1.6 X10-* 10.7 x 10-' 9.26 x 10*' 2.76 3.19 3.06

Contribution of the elastic peak and various regions of inelastic excitation are indicated separately so that their

relative importance can be seen. The theoretical integrated cross section is calculated from eq. (7) of the text.

*) Included in oul) .

form NBS-418
IR EV. 7-1 4.94)
USCOMM.OC 2S0I0-P«4 PH0T0NUCLEAR DATA SHEET 316

J.S. DEPARTMENT OF COMMERCE
NATIONAL. BUREAU OF STANDARDS



Nuclear Phys. 5b, 97 (196*0

[Page 2 of 3]
0 16 8

METHOD REF. NO.

j 6b Bi 2

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

°4

K
t

( ti f l

* * I

30 40

Excitation energy E(M^)

*»''ciMeV)
ana*,

10 20

Excitation energy E(Mev)

Fig. 2(a). The inelastic cross section lor electron scattering by 0“ as a function of excitation energy
e, for a fixed incident energy of 140 MeV. The scattering angles corresponding to different values of
* are indicated in the upper scale (taken to the nearest degree), (b) The inelastic cross section diviaed
by the weighting factor, (c) The inelastic cross section divided by the weighting factor followed

by 'weighting with the excitation energy s MeV.

form NBS-418
(R EV. 7-1 4- 04)
USC OMM* O C 26010-P84 PH0T0NUCLEAR DATA SHEET 31 7

U.S. DEPARTMENT CF COMMERC
NATIONAL 3UREAUOF STANOARO



Nuclear Phys. ^ 97 U9^J

METHOD

^Page 3 of 5l

16

REF. NO.

6k Bi 2

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
angle

TYPE RANGE TYPE RANGE

a20r

I I I 1 I I I— L_
0 10 20 30 40 50 80 70 M 90

Excitation energy m«v

7.5h

Fig. 3. Similar data to those of fig. 2 but obtained for a fixed incident energy of 160 MeV.

i

J

form NBS-418
(R ev. 7-1 4-64)
USCOMM-DC 26010-P64 PHOTONUCLEAR DATA SHEET 318
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G. R. Bishop, C. Becourne and D. B. Isabelle

Nucl . Phys. 366-374 (1964) 16

method

Linac [Page 1 of 4]

REF. NO.

64 Bi 3 JOC

REACTION RESULT

ABX

excitation
ENERGY

6-14

SOURCE

100-218

OETECTOR

MAG- D

ANGLE

DST

400 keV resolution F0RM FACTORS

Table 1

The inelastic cross sections factors to the level doublets at 6.1 MeV and 6.9 MeV

Energy

(MeV)
Angle

<7(6. * \1cV ,

• (10“ a/4b/sr)

£^(6.1)

(x 10’)

o(6.9 MeV)
(10'*^b/sr)

£*,05-9)

(x 10*)

143.2 . 60° 47 =9 2.*r2 47 =9 2.42

120.3 90° 14.4 ±2.1 3. 14

148.5 70° 20.5 -4.7 7 7
24.3 =5.1 2.60

120.7 120° 5.58=0.84 5.51 5.3 =1.8 5.11

148.4 90° 15.1 =3 5.CG 8.74=2.0 2.90

157.3 90° 16.7 =2.5 6.24 9.7 =1.6 3.60

160.: 100° 10.4 =1.5 6.74 5.13=0.8 3.30

148. • 115° 5.41=0.8 6.20 3.3 =0.7 3.82

15. .u 115° 4.86=0.8 6.10 2.9 =0.5 3.61

15- 8 120° 4.50=0.6 7.8 2.25 = 0.42 3.90

1 6(, 1 120° 4.13=0.7 7.3

16. .1 120° 3.86 = 0.7 6.8 2.22=0.4 3.90

217.5 80° 13.3 =2.5 5.5 6.27=0.82 2.60

2 US.

5

80° 17.0 =2.5 7.2 6.61=0.85 2.30

The inelastic form factors are obtained by dividing the cross section byo* = (£«,/2£) 2 cos

Table 2

1 £6/sin4

The inelastic cross sections and form factors of the peaks observed at 11.5 MeV, 12.0 MeV, 12.5 MeV, 13.2 MeV and 13.65 MeV

Energy

(MeV)
Angle

o(11.5 MeV)
(10

_,
/ib/sr)

£.Vll.5)

(>• 103
)

o(12.0 MeV)
(10- 3 /ib/sr)

£.- (12.0)

(x 10 3
)

o(l2.5 MeV)
(10-Vb/sr)

£2(1.25)

(x 10 4
)

o(l3.2 MeV)
fl0" 3 /(b/sr)

£2(13.2)

(<103
)

0(13.65 MeV) /„'

(10
_,

^b/sr)
<

(1 t r.M

IOM

101.6 60° 44 ±6 1.14 36 ±6 0.94 9.5 ±1.8 2.94 42.5 =5 1.1 19.4 ±5

143.2 60° 30.6±4.6 1.58 24 ±3.5 1.23 5.2 =1.2 3.21 19.5 3 1.0 15.0 =3 *>. 10

160.6 80° 8.95= 1.3 2.03 5.0 =0.6 1.14 2.2 =0.4 4.15 12.9 . 1.2 2.92 1.0 =0.2 1
1!"

153.0 115° 1.22=0.2 1.52 0.54±0.06 0.67 0.35 ±0.07 1.47 2.31=0.3 2.90 0.34±0.06 1.4 I

144.4 135° 0.41 =0.06 1.29 0.20=0.03 0.65 0.29=0.06 1.44 2.36= 0.3 7.50 0.36=0.07 If'..’

160.1 120’ 0.48± 0.07 0.85 0.23 = 0.03 0.41 0.24±0.05 1.23 1.94 0.30 3.5 0.31=0.06 \M

218.5 80° 2.98=0.5 1.27 1.26±0.25 0.54 0.45 ±0.1

5

1.59 4.5;:. 0.8 1.9 0.40±0. 15 1.40

For electric transitions the form factors £.* are obtained by dividing the experiment cross section by ou - (Ze 1/2£) s cos 1 ^0/sin* W. For iii.it'io'io

transitions the form factors £* are obtained by dividing the experimental cross section by Op„ lnt = (Ze,/2£)’ (1 + sin l W)/2 sin4
$0.

i n C u 7.1 i. Ail NA I IUNAL
uscomm-oc 2floio-p64 PHOTONUCLEAR DATA SHEET 319





G. R. Bishop, C. Secourne ana D. B. Isabelle
Nucl. Phys. 13, 366-374 ( 1964)

16

METHOD REF. NO.

Linac

REACTION RESULT excitation
ENERGY

Page 3 of 4] 64 Bi 3 JOC

SELECTOR
ANGLE

Fig. 2. The inelastic fora factor of the 6.9 MeV peak. The upper curve represents the form factor

<ls|;'»(9'
,)ild>‘ and the lower curve the form factor <lpu'i(?r)| lf>> each normalized to the radiative

width as described in the text.

20f-

T0|-

FV-««osie x-C3

-rve' S’~

rig. 3. The Inelastic form factors of the 11.5 MeV and 12.0 MeV peaks. The f.tted curve corresponds

to the expression F z = if 1 normalized to give the radiative widths reported in the text.

321

* o=- ;n«viE = cE
C P ST AS3ARCS

“ORM NBS-418
(R EV . 7-t 4-64)
USCOMM-OC 2601C-P64



G. R. Bishop, C. Secourne ana 0. B. LsabeLle
Nucl. Phys. 2l, 366-374 ^ I9b4)

lb

Linac ^Page 4 of 4j

REF. SO.

64 Bi 3 JOC

REACTION RESULT
excitation
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

o as to is 2.0

Amentum iransier 9fm“

Fig. 4. The inelastic form factor of the 12.5 MeV peak. For this magnetic transition the form factor

is obtained by dividing the experimental cross section by ?gala( = (Ze‘‘2E)* (1 -rsin* JS)/2 sin 4 19.

The full curve corresponds to the form factor discussed in the text.

Fig. 5. The inelastic form factor of the 13.65 MeV peak considered as entirely transverse. The full

line is the form factor calculated as described in the text. It has a zero va.ue for q = 1.35 fm-1.

FORM N8S-418
1R EV. 7-1 *-«AI
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R.L . Bramblett, J.T. CaldweLL, R.R. Harvey, S.C.

Phys. Rev. JJ3, B869-73 (1964)

METHOD

FultZ
EL EM. SYM.

|

A

0

REF. NO.

Positron annihilation; linac; ion chamber 64 Br l

16 3

NVB

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N ABX 15-30 D 15-30 BFj-I 4PI

24 MeV
PQS ANNIHIL .

d(y,n)dE = 23 ± 2 MeV-mb

15

30

d(Y,n)dE = 46 ± 5 MeV-mb

Table 1. Energy levels observed for U'~.

c .

( y- n)

4 THRESH.

X4 '
.

"b

2
;

, 1 /

iy.npi (y.2r.)

5 S 2C 22 2A 25 25 30
PHOTON ENERGY (MeV)

F:c. 3. Photoneutron cross section of 0 :s up to 30 MeV, showing
resonances due to levels in 0 !C

. The shell model predicts four

electric .iipole transitions in this energy range.

(MeV)
Present wor<t

G 1c (-/,h)7(

(MeV)*

10.0

17.1

19.0 19.1

19.3 19.6

20.6 20.7

21.0

21.

S

21.7

22.1
11 i

23.1 23.0

24.0 24.3

23.0 23.0

^25.4

26.2 26.3

27.3

2S.9

X l'(/>.-,) 0 ;
'; 'e.p76°

(MeV)'" Me\y

16.2(1-;

i 7.2(1 —

)

17.3(1-) 1 7.3

19.0 19.0

19.5 19.6

20.

S

20.6

22.3 22.3

23.1 23.1

24.4 24.4

25.0

~dc Re:. 1°.

"dC :<Cl. 20.

"cc L\e:. 16.

form NBS-418
(REV. 7-1 4-64)
USCOMM-CC 26010-P64 PHOTONUCLEAR DATA SHEET 323
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E.D. Earle, N.W. Tanner and G.C.

Proc. Paris Conf. 335 (1964)

METHOD

=.- £M. 3 *

Thomas
16

Tandem 64 Ea 1 JDM

REACTION
SOURCE DE-ECTOR

ANGLERESULT ENERGY TYPE RANGE TYPE RANGE

P,G NOX 13-25 D 1- 13 NAI-D DST

W(e) = £
£
A^(cos6 )

.

The angular distribution curve is fitted by Least- Squares method.

1.

0-

2.

0-

1-

4.

«.

4-

^
” El ^

Ai/As ill 1 ii
1

.
^

i
'

[J

J. ._L* Ll* _l 'j , i'.
1

ii.ii! 1
* 17

< 1

A.H '
1

1

1

1

i

1

Ji i'

1

ii

1

i!

As/Ae
'

1 >
1

,
|l

,

|
l' I

1

'' 1

|

'll

1

‘i

'
III 1 1 \

2-

2

1 ' l"
, ,

1,

-4-1 1 .--IlL'-!, L_ * L.__
1 1

\ '1
1 1 1 II Vl |l.

^
in fi

1 * * 1 Li

Fto. 1. — The Legendre polynomial coefficients for the
angular distributions

-ORu NBS-418
'REV. 7-1 4-94)
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r . W. K . r I rk

Nucl . Phys. j>2, 437-48 (1964)

METHOD

Linac
Page 1 of 2

16

REF . NO.

64 Fi l JOC

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G ,XN SPC THR-32 C 25-32 TtfF-D 70

17 ia 19 20 21 22 23 24 25 26 27 28 29

EXCITATION energy IN o (m.v)

3^3

Fig. 1(a). The observed relative yields of photoneutrons from the reaction Ou(y, n)0“ assuming
ground state transitions only. The bremsstrahlung energies are 26 and 32 MeV. No corrections

have been made for background effects. The broken curve shown in the 26 MeV measurement in-

dicates the background assumed in obtaining the relative intensities given in table 1. The time-of-

flight resolution is 0.5 nsec • m~ l
.

Table 1

A comparison between the present (y, n.) yields, the total (y, n) yields ,l
) and the theoretical

predictions of refs. ”•*•)

This experiment

(ground state yield)

£(MeV Rel. Int. %)

Ref. “)
'

(total neutron yield)

£(MeV) Rel. Int. %

Ref. «)

£(MeV) Rel. Int. %
Ref. “)

£(MeV) Rel. Int. %

17.10 0.5

17.25 2.0 17.3 3 17.6 1 17.3 1

19.0 4.0 19.0 3

19.4 4.0 19.3' 3

20.1 1.5 20.0 1 20.4 0

20.9 8.5 20.8 6

21.6 2.5 21.7 1

22.1 1

22.3 |

40 22.1 38 22.2 68 22.6 67

23.1 11 23.1 16

24.1 1

24.3 |

26 24.1 30
25.0 29 25.2 32

Only the relative yields up to 25 MeV are considered.

FORM NBS-418
(R EV. 7-1 4-641
USCOMM.OC 26010-P54 PHOTONUCLEAR DATA SHEET 326
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NATIONAL BUREAU OF STANOARD3



-REF. CL EM. s •'M.

F. W. K. Ftrk
Nucl. Phys. J52 ,

437-48 (1964) 16

METHOO

Linac Page 2 of 2

REF. NO.

64 FI 1 JOC

REACTION RESULT
excitation
ENERGY

SOURCE OETECTOR
ANGLETYPE RANGE TYPE RANGE

Fig. 1(b). The observed relative yield of photoneutrons]frorn^Ou(y, n)0“ when irradiated with 25 MeV bremsstrahlung.

The resolution is 0.16 nsec • m~ l
.

I

form NBS-418
(REV. 7-14-64)
USC OMM-O C 26010-P64 PHOTONUCLEAR DATA SHEET 327
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J. Goldemberg, W. C. Barner
Phys. Rev. 134 . B963-71 (1964) 0 16 3

METHOD 1 REF. NO.

Linac 64 Go 2 NVB

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ ABX 17-32 D 40-70 MAG-D ISO

FMF

GOLDEMBERG a BARBER
2llCf« (ELECTRON SCATTERING)

I

0

70 MeV

20 25
EXCITATION ENERGY .IcV

F:g. 10. The lower curve shows the cr. » section for inelastic

scattering from oxygen derived from the spectrum shown in

Fig. V. The middle curve shows for comparison the total cross

section for photon adsorption by the oxygen nucleus. The upper
curve shows the cross section for photon absorption in the region

of the giant resonance as calculated by Ehiott and Flowers.

Fig. 13. The square of the form factor for the main part of the
0“ giant resonance plotted as a iunction of momentum transfer.
The experimental point at 23 MeV is from work with photons. The
other three experimental points are from !S0'

S
electron scattering

experiments. The curves are calculated on the basis of different
theories as explained in the text.

-orm N8S-4I8
in EV. 7-1 *-«4l
use

o

mm* o c zsoio-osa PHOTONUCLEAR DATA SHEET 328
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REF.

L.H. Greenberg, J.P. Roalsvig, R.N . H. HasLam

Can. J. Phy«. ^2, 731-61 (1964)

ELEM. S'fM. A

16

METHOD

Betatron; r- chamber

REF. NO.

[Page 1 of 2] 64 Gr 1 NVB

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

1) G,A ABY 7-14 C 17,24 EMU-D 4PI

G ,4A ABY 14-24 C 24 EMU-1 4PI

Y,4u Yield = 1470 ± 100 events at 24 MeV.

mole-

r

mole-r

Yield = 3,575 ± 40 events at 17 MeV.

mole-

r

1) SPC

APPARENT ALPHA PARTICLE ENERGY, MEV

rlG. S. The yield of alpha particles from oxygen as a function of apparent energy for iT-Mev
bremsstrahlung.

Fig. 5.

True energy = 3/4 of apparent energy.

PHOTON ENERGY. MEV

The cross section for the reaction Ou (v, a)C 1J with C :2 in the ground state.

Assumed ground- state transitions.

form NBS-418
(REV. 7-14-64)
U5COMM.OC 26010-Pe4 PHOTONUCLEAR DATA SHEET 329

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STAN OA R O 9



Can. J. Phvs. a2
,
731-61 ( 1964 )

16

METHOD

Betatron; 4-chamber Page 2 of 2^ oa. Gr 1 NVB

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

APPARENT ALPHA PARTICLE ENERGY. YEV

7:o. 10. The yield of alpha particles from oxygen as a function of apparent energy for 2-t-

Mcv bremsstraillung. The dotted curve :s the yie^d expecteo from 0 :<
(7, ai events with Cu

in the ground state.

Excited states of 0
16

suggested

:

12.5 2_
Dossibly 14.3 2

20.3-21.0 2*

T
0

0

0

-CRM NBS-A18
[REV. 7-I4.MI
uscomm-oc eeoio.p«4 330

APPARENT ALPHA PARTICLE

ENERGY, .YEV 3*RTMFNT.i; --nuucorc

rIG. 11. The yield of alpha particles from the reaction Ol,
(v.

strahiung ar.c for which the C" is left in either the -i.-13-Mev or
a . C'-- from 2-1-Mev brems-
thc 7.7o-Mev state.



J. D. Larson and R. H. Spear
NucL. Phys. 56, 497-511 (1964)

[Page 1 of 2]

16

METHOD
.12
C (u,y); Tandem

REF. NO.

64 La 2 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

A,G ABX 10- 13 D 3-3
5

NAI-D DST

J-PI. WIDTHS

E, (MeV)

Fig. 2. Excitation function at 45° for the reaction C’*(a. using enriched C' 1
targets. The inset

shows 6.92 MeV cascade radiation from the 10.36 MeV state.

Table 1

Legendre polynomial coefficients for experimental angular distributions of ground state gamma
rays from C’tx. ylO 11

(MeV) (nblsr

)

a,/a. uv a. a* a.

7.06 2.8 -0.3 0.02-0.04 - 1.04-0.07 0.03 -0.12 0.01 -0.12
7.42 0.3 -0.1 -0.04-0.24 -0.58-0.37 -0.16-0.59 0.15-0.62
7.88 2.5 —0.3 0.47-0.05 -0.88-0.07 — 0.36 — 0.12 -0.30-0.13
8.00 1 .

1

— 0.

1

0.28— 0.09 — 0.70 — 0.13 -0.37-0.22 — 0. 12— 0.23

Corrections for anisotropic absorption in the target backing and finite solid angle subtended by
the detector have been made.
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Nuclear Phys. 5

6

, 1+97 (196^)

'Page 2 of 2

16

MCTHOO REF. NO.

6b La 2

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

Fig. 4. Angular distributions for the reaction Cl,(a, y)Ou using an enriched Cl* target. Solid curves
represent a least-squares fit to the data by Legendre polynomials to fourth order.

Table 3

Radiative widths for some transitions ooserved in Cl,
(cc, y)O l*

Initial

state

Er
(MeV)

Final

state

E
(MeV)

Measured

radiative width

r,
(eV)

Multipolarity

of transition |A#|*

9.59 (1-) 0 (0
+

) 0.022 —0.005 £1 5.3 x 10-‘

9.85 (2*) 0 (0*) 0.0059- 0.0006 E2 0.032

9.85 (2
+

) 7 0.0012-0.0004

10.36 (4*) 6.92 (2*) 0.046 - 0.006 E2 49

11.52 (2*) 0 (0*) 0.66 —0.09 E2 1.6

12.45 (1-) 0 (0-) 7 =1 El 0.008

Spins and parities are taken from previous work; M 5 represents the ratio of the measured radiative

width to the width calculated from an extreme single-particle model assuming a nuclear radius,

r = 1.2 Ai fm.
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REF.
M. Langevin, J. M. Loiseaux and J. M.
Proc. Paris Conference 1045 (1964)

METHOD

Mai son
ELEM. STM.

j

A z

0 16 3

REF. NO.

64 La 5 JDM

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLETYPE RANGE TYPE RANGE

g
t
g RLX THR-32 C 24,12 NAI-D 2-27 ncT
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J. M. Loiseaux, M. Langevin and J. M.

Proc. Paris Conf. 1048 (1964)

METHOD

Betatron

Maison
0 16 8

REF. NO.

64 Lo 3 JDM

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G ABX 10-30 C 10-30 NAI-D 140

The effective differential scattering cross
section remains quite constant from 20-30 MeV.

-ORM NBS-413
(R EV. 7-1 4-fi4)
-JSCOMM.OC 26010-P64
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REF. ELEM. SYM. z

I. V. Mitchell and T. R. Ophel
Nucl. Phys. jS8, 529*43 (1964)

METHOD

C
12

(‘,Y0
)°

16.

REF. NO.

Van de Graaff 64 Mi 1

16 8

JOC

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

A,G RLX 13 D 7-8 NAI-D DST

(6. 9-3. 2)

Level at - 7.90 MeV, f (2 ) a* 0.6 ± 0.3 eV 5^ of E2 J-PI, WIDTH

sum rule limit.

Fig. 3. Excitation function of tin C“<«. 7,) i-irrian at 90*.

Statistical error* an ±3 % or leas.

Fig. 6. Angular distribution of tin OHat, •/,)

reaction at E, - 7.90 MeV.

ALPHA ENERGY -M*V
Fig.S. The upper portion shows the excitation functions obtained at 45° and 135° and the lower

port .-1 of the diagram illustrates the ratio of the yields at 45° and 135° as a function of energy. The
data .nihe upper diagram are displaced upwards by 20 keV for comparison with the data of L-. son

and Spear 1
*). (j.D. Larson and R.H .Speai

fo Bull .Am.Phys. Soc. 6(l96l)505 and private communication^
USC OMM.O C 28010.P8A 335
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M. Suffert, G. Costa and D. Magnac-Valette
Proc. Paris Conf. 1054 (1964) 16

METHOO REF. NO.

64 Su 1 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

D,G ABX 21- 25 D 1-5 NAI-D DST

At 22.7 MeV
W(e) = 1 + 0.11 P

t
- 0.47 p

a
- 0.28 P

3

AS 22j0 223 210 215 2LS

-osM NBS-418
(R EV. 7-1 4-«4 )

USCOMM-OC 2A010-P64 PHOTONUCLEAR DATA SHEET 336
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&W i.VI. J r

N. W. Tanner, G. C. Thomas and E. D. EarLe
Nucl . Phys. j>2, 45*60 (1964)

METHOD

n
l5

(p,y)o
16

Tandem
Page 1 of 2

16

REF. NO.

64 Ta 2 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G AfiX 16-26 D 4-14 NAI- D DST

At E =5.52 MeV day
P *7—2 = 145±35 nb/4rrsr

Isu

Fig. 2. The experimental excitation function ofNl
‘(p, y0)O“ at 90° to the beam. The normalization of the various runs is described in the text For

more detail, see figs. 3, 5, 9 and 10. + - Run A. 4.0 to 5.07 MeV. Target thickness 25 keV. • - Run B. 5.0 to 6.0 MeV and one point at 9 MeV. 25

keV target O - Run. C. 5.75 to 8.10 MeV. 50 keV target x - Run D. 7.8 to 10 MeV and two points at 10.8 MeV. 58 keV target. - Run E. 10 to

1 1.9 MeV. 30 keV target. - Run F. 10.75 to 14.3 MeV. 63 keV target. The 0“(e, e'p) results of ref. “) are also shown. They have been converted

by detailed balance to N*‘(p, y), but are not normalized to our scale.
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N. W. Tanner, G. C. Thomas and E. D. EarLe
‘ Nucl. Phys. _£2, 45-60 (1964) 16

methoo

N^(p,y)0^° Tandem Page 2 of 2

REP. NO.

64 Ta 2 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE RANGE

Fig. 4. The angular distribution of y-rays on
the top of the 4.372 MeV resonance. Target
thickness, 11 keV. The curve drawn is I + 10

sin2 0+0.7 cos 0.

Fig. 5. The excitation functions near 5.5 MeV
of N l

*(p, y„)Ou at 90° and Nu(p, n)O l* at 0°.

The two reactions were measured simultane-

ously.

Table 1

Analysis of electric dipole states of O’*

Experimental Theoretical

£7
(MeV)

r
(MeV)

°/f26 - 5
(T/O In

(MeV • mb) 4
)

12

Giltet ’) Mikeska and Bremg “)

E
7 % sum

(MeV) rule

*7
(MeV)

% Sum
rule

r
(MeV)

12.43 ») 0.08 0.69 9.3 13.5 4 13.7 1 Sharp
13.09 n) 0.11 17

17.0 1 =a 10

17.13 0.044 0.8 7.7 18.1 1 17.5 1 0.5

17.29 0.090 4.0

19.05 ^5 0.3 5

19.56 =»0.40 95 (18.0 to 50 19.6 3 19.3 1 Sharp
21.0 a»0.80 23.75 MeV) 22.2 73 22.5 58 0.75

22.2 0.85

23.0 rs0.60

24.3 ^ l 63 (23.75 to 33 25.2 20 25.6 39 1.0

25.2 ss 0.5 26.5 MeV)

•) Above 19 MeV, from the work of Burgov et al. •*).

») From Hebbard M ).

The errors in the experimental cross-sections are of the order of 20 % while those in the % column are

smaller.
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N.W. Tanner and E.D. Earle

Phys. Rev. Letters _12, 410 (1964)
16

METHOD

Interpretation of data

REF. NO.

64 Ta 4 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N SPC 16-26 D 34 T0F 90

INTERPRETATION

FIG. 1. Comparison of the neutron yield curve * of o“(Y,n)Ol5 with the neutron spectrum from bremsstrahlung
irradiation. 1 The crosses show the difference between these two curves and indicate the yield of neutrons to ex-
cited states of O 1*. The dots show the spectrum implied by the yield curve and the crosses, assuming neutron
transitions only to the ground and 6.2-MeV states of Q1S

.

FORM NBS-418
(R EV. 7-1 4-64)
USCOMM-OC 26010-P64 PHOTONUCLEAR DATA SHEET 339

U.S. DEPARTMENTOF COMMERCE
NATIONAL BUREAU OF STANDARDS



G. TessLer. U.E. Stephens
Phys. Rev. 135 . 3129-36 (1964) 0 16 8

NETNOO re*. no.

3, .

Tandem. T'^p.y, 64 Te 1 NVB

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE MAN CE TYPE MANGE

G.MU-T ABX 20- 22 D 2C-22 NAI-I 96

1 i

3.40)-

1 1 1

-A-

1 1 I

-A- -A-

“i i i i i r

-a- -a-

1 1 1

-A-
nr

600

AS IS*/ 38 MV 40 AAV 44 AAV 18 AAV S3 AAV

3.30^

T (Rll)
580

3.20 r-
0»l«K

^
—

•
1 l
• . 560

J.oro
*

If* •
*

• *
1

I
(

I

. I ,»
‘ 1

> r
li r

'

1
|

i .l.it.iuH*
300 — l!

i

i
*

) |
1 , Tl 1

1

1
1

—S40

1—
i

i

AA9.TU4 J.VU Section

J 1 ! ! 1 1 I ! 1 ! 1 1 I i i
,

ICO

aa-* 2Co 208 210 2L2 21.4 21 m 218 220 220

=*o»n £-an;y . Me.i

F:g. 3. Attenuation ratio for

jaxxa ra>s ir. water is a func-

tion oi photon energy. The
tctai absorption cross section

scaie in miiiibarns is given aiso.

The soiia line is the ta.cu.atea

atoxic cross section. The trape-

zoids illustrate the caicuiateri

resolution function.

WATER TARGET

Tablz IV. Structure observed in the nuclear
azsorption cross section curves.

zJemen: f.MeV (mb)
Ha.:-widtb odE

MeV-mb)

Be* 20.47 5.3 0.13 0.45

20.73 10.1 0.15 0.9
0“ :o.o2 21.5 0.19 3.9

„. 20 56'

21.03/
>22

2J.5 *^*0.40 :o.4

F-» 20.09 21.9 CIS 575
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M. Elaine Toms

Nucl . Phys. 24, 625-643 (1?64) 16
[page 1 or - j

tfETHOO

3ecatron

*E F «Q.

•O C JOC

REACTION RESULT
£XC!TATfOH
ENERGY

SOURCE
~ "

3£•ECTOR r
,A

MSCE
T*oe aisSE nr«e •>»;£

G •A ABX THR - 22 C 22 EMU-D DS7

G.4A A3X THR - 22 C 22 EMU- 3 OST

- - - -

i3 events (y.a)

53 events (y,4u.)

dE^a = 2.355 — .303 MeV-a'o

21.5
d£ 3

r *

21.5
’aE 3 = 0.124 = 0.017 MeV-ab

*' T 4u.

(y>u ) E2. El — 0.3 for assumed ground state transitions.

E2/E1 =0.2 for 7.7 MeV state

£2/0 0-3 - 1- 1

4-
ae»-

Fig. •*. The it-tens. ry iiSmhui.oa /.5 • = Vis >

cosec 3 m 30 s
intervals of 9. where 9 :s the angle

between the hptu and the photon c^recnon.

The curve H&) =» 14.6(1 — 1-5 cos* Si sm* 9

is oasec on the assumption that ;lC -s left n
ru srounQ state. A ratio of the tntests; ices of
piloton interactions EdE l =* Oti _s _no.ca.tec

from the f.t of the curve.

*: fi; *»* cm nr*

Fig. 5 . The crcss-secucn for the

reaction verses :tO excrjt.cn energy.

'0 9m NBS-418
REV. 7-' 4-64)
USCC»-w.3C 2flC!C-38 4

-.5. ;£34S'M£s' :? ::wke3ce
na- :s*. 3.5Eiw c = 5~

PHOTONUCLEAR DATA SHEET 3-:



M. -.ame *oas

Suci. ?hys. 5-. c 25 -o^O (19c+)

Page 2 of 2]

Lc

»£*XCO REF. SO.

6k To 2

F¥PITATIftM SOURCE OE-ECTOP
ANGLEREACTION ’* 65UI‘ ENERGY TYPE RANGE TYPE RANGE

•r-C* V#V

r g. _•. .re cross-section ior the *‘Q(y. reaction versus — c* where £, .s the pnoton energj'if

c * ecuau zero ana £• can be either aero or 4.43 MeV. tne :lC excitation energy.

fcJ r.j. Z z -NC *C r. 4 *

(1

[

A
/ V

•
/

A
/

A
- - -- - 1 ; : =: ;; ;;; ; ;

* O - •*0 ZXZ ’iTTCN MCV

-' — ; rs cross~sccaon :or —e pfaotodisimegranon of :iO ^rciding an alpna particie of four aipria

partx^cs. ComDinaXion of figs. 3 and 5).

-c=%* nBS-418
9£V. T-l 4>64i
,3CC%»fcC: 22C13-P*4

--S. 3£3AP*MEH*3F COMMENCE
N A ” :n*. 3 jR£Av op !*iN:AP 33
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REF. EL Eld. SYM. A z

M. E. Toms
Proc. Paris Conference 1CC4 (1964) 0 s

METHOD REF . NO.

64 To 3 JDH

REACTION RESULT
excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

g
t
a ABX 9-21 C 22 EMU DST

G.4A ABX 9-21 C 22 EMU DST

Pm. 1. — The intensity distribution /(0) = .V(0) eosec 0 where 0 Is the ingle between the
Alpha md the photon direction for tingle alpha » from “0.

PiQe 2. — The Intensity distribution = aY($) eosec >p where i is the angle between
th« first alpha and the photon direction leaving *<, in the 7.7 MeV state.

P®* — The erosa-section for the photodisintegration of '**0 yielding an alpha particle
or fonr alpha particles.

form NBS-418
(R EV. 7.14.941
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P.F. Yergin, R.H. Augustson, N.N. Kaushai, H.A. Medians, W.R. Moyer,
and E.J. WinhoLd

Phys. Rev. Letters _12, 733 ( L964)
_____

Linac

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLETYPE RANGE TYPE RANGE

G , XN SPC THR - 35 C 35 T0F-D 90

,
24.30

26%/ /——-rr 23.15

5.235

5.174 20.98

BRANCHING RATIOS

E
s
= 15.667

Q+-

FIG. L. Some energy levels of OlS and O 15
. Only

those levels of Ou which appear prominently in the pho-

toneutron spectrum are shown. The energies are those

measured in this experiment. All known levels of OlS

up to the highest shown are included. The branching

ratios for the neutron decays at 90' from the 22.2- and

24.3-MeV levels are those deduced from the measure-
ments reported here. Ground-state decays only are ob-

served for the other levels .

*0 cicitotion Entro, (M*V) (For qrouno Hole iroosinono)

FORM NBS-418
( R EV. 7-1 4-841
USC OMM.OC 28010-P84

FIG. 2. Neutron spectrum from O1
* photodisintegration by 35-MeV bremsstrahlung. The points connected by the

solid lines, with typical error bars shown, are the experimental results corrected for the detector efficiency.

From 1.0 to 1.2 MeV twelve channels of the time analyzer were averaged, from 1.2 to 4.9 MeV lour channels, and

above 4.9 MeV two channels. The upper dashed curve from 1.0 to 4.0 MeV is the composite fit to the data and is

the sum of the lower three curves, (a) is derived from the cross-section curve of reference 14, (b) represents

neutrons which leave O15
in the first excited state, and (c) represents neutrons which leave 0‘ s

in the \ third ex-

cited state. See the text for explanation of the dashed curve sections above 5 MeV. The scale at the top gives the

excitation energy in O16 for the case of neutrons wmch leave O 1 * in its ground state. The ordinate is in arbitrary

'units, and represents the number of neutrons per -nit energy interval. 344



&«. C.M .
( M.

H.

Z.

METHOD

Artus
Naturforschg. 20 . 320 (1965) 0

REF. NO.

65 Ar 3

16

|

8

JOC

REACTION RESULT
EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G.BE7 RLY 32-57 C 57 ACT-1 4P1

Fig. 1. Measured ratios of the yields Y (Be7)/F(Cn) as a

function of electron kinetic energy £m .

form NBS-418
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REF.
H. v. Buttlar and A. GoLdmann
Z. Physik 187, 355 (1965)

|

EL EM. STM.

16

METHOD

Linac; Measured yield relative to Cla (Y,n)C11 65 Bu 1 JDM

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,T RLY THR - 50 C 50 ACT-

I

LSI

Y[o(r,t)] = Y
3

Y[(? a (Y,n)Clx ] = Ytl

Y
3
/Y

1 i = (2.0 ± 0.2) 10' 2 (E
max ) = 50 MeV.

The (y, t) reaction below 50 MeV carries O.L% of the bremsstrahlung-weighted cross
section and less than 1% of the dipole sum for 016 .
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REF.
J. T. Caldwell, R. L. Bramblett, B. L. Berman, R, R. Harley,

and S. C. Fultz
Phys. Rev. Letters JJ5, 976 (1965)

ELEM. JVM.

16

METHOO

Page 1 of 2.

REF. NO.

65 Ca 1 joc

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G,XN ABX 17- 28 D 17- 28 BP3-

1

4PI

26
BRANCHING RATIOS 38+

;
21.5

g. s.
dl s 15.2 1.5 MeV-mb

26

J*
cr

3/2"
dB “12.7 + 1.3 MeV-ab

1*3/ 2
"

^g.s.

0.84 0.08

cn
n
O
(Eo

39

• GROUND STATE
CROSS SECTION

• ( 'h* V) STATE
CROSS SECTION

38

'
‘

2L0 21.5

PHOTON ENERGY(MeV)
2Z0

Fig. 3. (a) The total integrated-over-angie (y,n)
cross section, which is the sum of me ground-state
and all excited-state cross sections, (b) Ground-
state-only cross section. The soiid-line carve is

the neutron spectrum of Yergin et al. 1 and the dash-
ed-line curve is the ground-state cross section of

V. V. Verbinsicy, J. C. Courtney, D. F. Herring,

R. B. Walton, and R. E. Sund, Buil. Am. Phys. Soo.

9, 623 (1964); and to be published, (c) The 6.16-
MeV !§ ) excited-state cross sectioo.

FIG. 2. Integrated-over-angle cross sections for

Ou(y,n) in the region 21 to 22 MeV.
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J. T. Caldwell, R. L. Bramblett, B. L. Berman, R. R. Harvey, and
S. C. Fultz

Phys. Rev. Letters^, 976 (1965)
16

[Page 2 of 2]

REF. NO.

65 Ca 1 JOC

REACTION RESULT
EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

FIG. 1. Ring ratios obtained for the 0 ls
(y,n) neutron spectrum as a function of excitation energy, (a) Scale for

first and second ring ratios, (b) Scale for third ring ratio, (c) Scale for fourth ring ratio.
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METHOD

F.A. Nikolaev
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REF. NO.

[Page 1 of 2] 65 Do 3 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,MU-T ABX 13-22 C MGC-D 4PI

Fig. 1. Cross section

for the absorption of r quanta

by 0 nuclei in the energy

interval 13.5 - 22 MeV.

hv, f“feV

16
2 * Cross 3e<rtion for total nuclear absorption of T quanta by

0 in the interval 13.5 - 27 MeV according to the present data (light
circles) and (filled circles). The energy scale for both curves has
been corrected for the resolving power of the spectrometer. In the 21 -
22 MeV interval, where the data overlap, both curves coincide within
the limits of errors.
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REF. NO.

65 Do 3 JOC

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

16 ..

Energies of the 0 levels in the interval 16 21.5 MeV

Total cross sec- Cross section Cross section Photoneutron Proton spectrum Total absorp-
tion of nuclear of reaction of inverse spectrum in the tion cross

absorption (r, n) reaction disintegrations section
n15 (p, r) (e, e'p)

(present work) CM [5] [6] [7] [8]

Measurements Measurement s Time-of- flight Detection of Measurements

Absorption meth- with annihila- with tandem method, protons with with mono-

od, detector re- tion T-radia- generator magnetic chromatic 7-

solution tion of fast spectrometer rays T(p,r)
positrons AE from ~ 5 AE from 4o

AE - 100 keV £E - 500 keV ££ < 30 keV to ~ 50 keV AE ~ 150 keV 50 50 keV

16.0 16.2

17.1 17-10

17.2 17.1

17.3 17.25

17-3

18.1

19.0 19.0 19.0 19.0 19.0

19.4 19.3 19.6 19.4 19.6

20.1

20.9 20.8 21.0 20.9 20.6

[4] Bramblett
, Caldwell, Harvey, and Fultz, Phys. Rev. 133, 3869 (1964).

[5] Tanner, Thomas, and Earle, Nucl. Phys. 52, 45 (1964).

[6] F. W. K. Firk, Nucl. Phys. 52, L37 (1964).

[7] W. R. Dodge and W. C. Barber, Phys. Rev. 127, 1746 (1962).

[8] G. Tessler and W. E. Stephens, Fhys. Rev. 135 , B129 (1964).
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METHOD

[Page 1 of 2] 65 Ga L EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G ,NP ABX 250 C 300 TEL-D 90-140 DST

77±17 MeV neutrons in coincidence with protons.

Neutrons detected in plastic scintillator.

For Nf" = L "7^ *Jd finds
A

L = 10.3±2.6 for an r.m.s. radius = 4.45 fm.

8. The vertical angular distribution of protons at 65° in the laboratory detected in coincidencewith neutrons ofenergy 76.J± 1 7 MeV (FWHM ) a 1 90° in the laboratory, front the photodis.ntegration

Z2JF.Tr "V" *nergy ra" 8C 888 10 1423 MeV - Curve <a> is » theoretical
angular distrtbution evaluated using the F{P, of eq. (5) as described in the text and corresponds to

a r.m.s. nuclear radius of 3.32 fm.

form N3S-418
(R SV. 7-1 4-64)
U3COMM-OC 26 0 1 0* P6 4 PHOTONUCLEAR DATA SHEET 351

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROS



J. Garvey, B. H. Patrick, J. G. Rutherglen and 1. L. Smith

Nuclear Phvs. 70, 241 (1965)
0 16 3

METVtOO

Page 2 of 2_

REP. NO.

65 Ga l EGF

REACTION RESULT excitation
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

Fig. 12. The vertical angular distributions of protons of energy 88.8 to 108.5 MeV compared with the

theoretical predictions using the F(P) of fig. 10.

Fig. 9. The vertical angular distribution of coincident protons of energy 108.5 to 142. 5 MeV from the
photodisintegration of O1 *. Curve (a) is a possible theoretical angular distribution evaluated using

•the F(F) of eq. (5) and corresponds to a r-m-s. nuclear radius of 5.55 fm.
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E.l. Snramer.KO
EL EM. S V M.

0

A

16

Z

METHOD R£P. HO.

r ~ 1

REACTION
SJCITAT1CM SOURCE 3ETEC-CR

ANGLERESULT ENERGY TYPE RAN SE TYPE RANSE

G,N ABX THR- 54 C 10- 66 ACT-

1

4PI

Measure yields from electrons bombarding thick targets. Cross section derivec from shower
theory.

Fig. 4. Excitation function of the (y.n) reaction for C1
*; 1 , 2, 4

. 5)
Curves obtained with thin specimens and the Schiff spectrum by*
using the photon-difference method, in [7, 3, 13, 14], respectively;
3) result of the present study.

„ .s. :£3 AS-MES* CC*W£ S CE
NA- CSAw 5.9£AjC r S"A s:*3:J
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E. Hayvard and T. Stovall
Nuclear Phys. 62, 241 (1965) 8

METHOD REF . NO.

65 Ha 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G ,XN ABX THR - 30 C 6-30 BF3-I 4P1

E, MeV E, Mev

Fig. 2. The neutron production cross section for O'* where the analysis has been made using a 1

MeV grid (a) and a 0.5 MeV grid (b). Thresholds for the neutron producing cross sections are

indicated by vertical lines at the bottom. The indicated errors are standard deviations based only

on the number of counts.

S')!

Table 3

Neutron emission cross sections integrated to 29 MeV
Target JVdE (MeV • mb) Jad£/(60NZM) J«trd£/(60NZ//4) »)

Li* 36.1 0.40±0.03 ") 0.42
Li7

50.1 0.49±0.04 0.64
B 1*

66.7 0.44±0.03
B“ 68.6 0.42±0.03 0.47 «)0“ 61.9 0.26 ±0.02 0.30

s
) This value is for natural boron.

°) Estimated systematic errors.
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METHOD REF. NO.

65 Ma 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,NG SPC 19- 30 C 21- 21 NAI-D oc1 140

G,PG SPC 19- 30 C 21- 31 NAI-D 4- 8 140

Fig. 1. Variation de la section efficace relative en

fonction de l'Snergie d'excitation pour Remission de

neutrons et protons vers les niveaux de par it6s nega-
tives de 150 (1.16 MeV) et 15N (6.32 MeV). Les x et o

correspondent a deux series de mesures independantes

.

Tableau 1

Rapports d'embranchements pour Remission de
neutrons et de protons vers les etats de parite negative

Emax
(MeV)

21 23 25 27 29 31

Niveaux
6.31 MeV
(*‘>

68±S% 71 ±6% 70 ±6% 71 ±6% 73 ±6% 72.5 ±6%

Niveaux
5.3 MeV

)

32±£% 29 ±6% 30 ±6% 29±6% 27±6

%

27.5x6%
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ELEM. SYM.
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REF. NO.

65 Me 4 egf

REACTION RESUL T
excitation
ENERGY

SOURCE detector
ANGLE

TYPE RANGE type range

G,PI+ ABX 150-300 C 150-300 ACT-I 4PI

Fic. 3. Cross sections (in units of microbarns)
for the O l

*(ir 1
ir
+)Nl* reaction.
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METHOO REF. NO.

65 Mo 1 JOC

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P SPC 15-29 C 22,40 SCD-D 90

State Branching
6.3/g.s.

22.3 .43 ± .1

23. .58 ± .1

24.3 .43 ± .1

Ratio
BRANCHING RATIOS

8 -

o 7 -

w 6 -

Z s -

£ «-
<
d s-
C

2 -

I
-

1.2

0 i.o

~
.8

a
\ 6

5 .4

.2

7

3 6

> 5

SJ 4

1 3

£ 2

*• .

-

EXCITED STATE
PROTON YIELO

Assuming transitions

lo 8.33 MOV

0*1 y, p) N 3

~ in Giant Rssononcs
40 Rsqion

EXCJTED STATE
PROTON YIELO

Assuming transitions

•o S.30 MOV

20 21 22 23 24 23 26 27

E y
(MoV)

FIG. 1. A comparison between the proton spectrum
from excited-state transitions and the giant-resonance

ground-state cross section: In the upper portion of

the figure, a gamma-energy scale has been assigned

to the excited-state spectrum assuming all transitions

are to 6.3 MeV. The lower portion shows the same
spectrum assuming all transitions are to 5.3 MeV.
The vertical lines are drawn through the cross-section

peaks shown in the center portion of the figure.

.... <T (T,»
0

1 THU «0f»

ir{r,n) C.ofc #1 91.

{
9-tr, PI- 9-lT.e,) *-<r(r.P,) Thii ...»

FIG. 2. A comparison between the (y,p) cross sec-

tion of this work, and the (y,n) cross section of Cook

et al. The proton-cross-section scale assumes an an-

gular distribution of l + -j3in
29.
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REF. NO.

65 Ro l JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

G
,
A ABX 12 - 17 12- 17 EMU-D 4P1

G,4a ABX 12 - 17 12-17 EMU-D 4PI

MAXIMUM PHOTON ENERGY(MeV)

Fig. 3. The yield in events per mole '"O per roentgen per MeV interval for the reaction
"Ofy, 4<x), as a function of maximum photon energy. Open circles, present results; closed
circle, from Greenberg et al. (1964). The solid curve was used to calculate the cross section
in Fig. 4.

(f)

2
cc
<
CD

O
CC
o

2
O
h-
o
LJ
V)

tn
v)

O
cc

o

Fig. 4. Cross-section curve for the reaction "0(y, 4a).

Fig. 5. Energy distribution of single alpha-particle tracks on plate B, exposed at 13-MeV
maximum bremsstrahlung energy. The abscissa gives the apparent alpha-particle energy, as
defined in the text. Eum is the approximate maximum energy of an alpha particle from the
reaction "CKy, <x)“C, with l,C in the ground state.
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Alpha particle energy (MeV) Alpha particle energy (MeV)

Fig. 7. Same as Fig. 5, but for plate D, exposed at 15 MeV. Fig. S. Same as Fig. 5, but for plate E. exposed at 16 MeV.

Fig. 6. Same as Fig. 5, bin for plate C, exposed at 14 MeV.
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ELEM. SYM.

16

METHOO REF. NO.

65 Ro 2 HMG

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G
,
A RLY 17 C 17 EMU-D DST

*
2

Fic. 2. Corrected number of alpha particles with energy <4.0 MeV or >5.0 MeV, per 10*

interval as a function of 3, the angle between the alpha particle and the photon direction. The
curve is drawn for an admixture of 35% isotropic distribution and 65% pure E2, where both
the initial and the final states have J — 0*.
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ELEM. SYM. A

16

METHOD REF. NO.

Betatron 65 St 2 JDM

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G
’ Po

ABX 14 - 16 C 14-16 SCD-D 2 - L QO

Fig- 2.—The orosa section for the reaction uO(y, p,)
1*N, together with

a cross section obtained from the inverse reaction using the principle

of detailed balance.
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219 (1965) 0 16 3

REF. NO.

[Page 1 of 2] 65 Va 4 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ ABX 10-30 D 43-69 MAG-D 35-70 180
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Fig. 2. Cross section for inelastic scattering of electrons at 180° with excitation of the ‘‘O nucleus,

plotted as a function of excitation energy.
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REF. NO.

65 Va 4 EGF

CE OETECTOR
ANGLE

range TYPE RANSE

Fig. 1. Energy distribution of 69 MeV electrons scattered inelastically through 180° from a water

target.

Table 1

Cross sections and matrix elements of levels observed in the “O giant resonance region

Experimental levels

(±0.25 MeV)
do/df2

x lO^fcm’/sr)

|</l||rto)||/l >|»

x 10J

19.2 1.8 ±0.27 0.56±0.85

20.4 1.85±0.28 0.58±0.90

43 MeV 21.5 4.5 ±0.7 1.41 ±0.21

22.8 2.6 ±0.4 0.82±0.13

23.9

24.5
5.8 ±0.9 1.82 ±0.27

19.2 1.5 ±0.18 0.88±0.12

20.4 1.85 ±0.22 1.09±0.13

22.0 2. 12±0.25 1.25-0.15

59 MeV 22.8 1.0 ±0.12 0.59±0.07

23.6 1.8 ±0.22 1.06±0.13

25.5 1.9 ±0.23 1 .1 2±0. 1

3

26.7 0.7 ±0.09 0.41 ±0.05

19.0 1.6 ±0.16 1.29±0.13

20.2 2.15±0.22 1.73 ±0.17

22.0 2.27±0.23 1 .83 ±0. 1

8

69 MeV 23.0 0.68-0.07 0.55±0.06

23.6 1.41 ±0.14 1 . 1 4±0. 1

2

24.5 1.18±0.12 0.95±0.10

26.0 1.4 ±0.14 1.13±0.12

FO
(R S
use

Fig. 3. Square of the form factor for the “0 giant dipole resonance, plotted as a function of mo-
mentum transfer. The experimental point at 23 MeV is from photon work. The new experimental

values from 180° electron scattering are represented by the triangles. The curves are calculated on the

basis of different nuclear models refs. la
).
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METHOD
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REF. NO.

65 Ve 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N SPC thr-33 C 34 TtfF-D 1-14 DST

4 6 3 40 42

NEUTRON ENERGY (MaV)

Fig. 4. Neutron spectra from the “O (y, n) l80 reaction at 55°, 93° and 141° to a bremsstrahiung
beam produced by 34 MeV electrons penetrating a 0.15 cm thick bismuth disk.
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REF. NO.

65 Ve 1 EGF

EXCITATION SOURCE OETECTOR
ANGLEREACTION RESULT ENERGY TYPE RANGE TYPE RANGE

Table 1

Angular distributions for (y , p) and (y, n) reactions on 12C and 120

Excited state Relative intensity

Mode of spin and / Angular

excitation parity distribution 55° 93 = 141°

El 1
-

0 isotropic 1.00 1.00 1.00

El 1
-

2 1 +$ sin*6 0.81 1.00 0.64

E2,(E1)‘) 2*. (I-) *) 1 1 — i sin2# 1.32 1.00 1.63

E2 2* 3 1 + 2sin 2#— Jsin*# 2.42 1.00 1.40

Target Excitation Emitted Ref. Relative intensity

nucleus energy

(MeV) 55° 93
= 141°

12C 22.35 P Dodge and Barber ,0
) 0.81 1.00 0.45

12C >22 n Allum et al. u ) 0.85 1.00 0.60

”C 25.4 n this paper 0.80 1.00

”0 22.3 p Dodge and Barber 20
) 0.86 1.00 0.46

"0 22.1 n this paper 0.81 1.00 0.64

“O 24.2 p Dodge and Barber “) 0.97 1.00 0.45

»0 24 n this paper 0.89 1.00 0.68

“O 23 n this paper 0.81 1.00 0.64

“O 20.8 n this paper 0.73 1.00 0.63
i,o 18-20 n this paper 0.77 1.00 0.73

*) This angular distribution is also possible for / = 2 neutrons or protons from l,C (1“ states) to

“C or I2B (J" ground state).

EXCITATION ENERGY (M«V)

Fig. 5. The “CKy, n 0)
1JO cross section at 93° compared with 65 % of the “OCy, p0)“N cross section

at 90° derived from the “N(p, y0)“O cross section of Tanner, Thomas and Earle 10
).
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EL EM. SYM. A

16

REF. NO.

Synchrotron; ion chamber monitor 65 Wy 1 NVB

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLETYPE RANGE TYPE RANGE

G,MU-T ABX 10 - 35 C 90 SCI-D 4PI

So

Fig. 8. Oxygen total photonudear cross section. The Livermore
photoneutron cross section represented by the solid line in (a) has
been shifted up in energy by 250 keV.
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ELEM. SYM.

0 16

METHOD

60 MeV Linac

REF. NO.

66 Ar 1 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.BE7 ABX 30 - 57 C 30-57 ACT-

1

4P1

-O

i ddE =0.7 MeV mb

ihr
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ELEM. SYM.

16

METHOD REF. NO.

66 Ar 2 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ LFT 7,12 D 30-60 MAG-D DST

(6.92,11.52)

7=6.92. 12=11.52 MEV

TABLE 1

Summary of Experimental Results*

Nuclide E, (MeV) Type rv°(ev) r?/rw Rir (F)

*Ll 2.18 E2 (3.9 ±0.5) x 10"4 14.4 3.77 ± 0.48
3.56 Ml 8.9 ±0.4 9.4 2.96 ± 0.11

’Li 11.28 ± 0.05 (Ml) or (1.3 ± 0.4)/
g‘

0.043/

g

(M2) (0.026 ± 0.008) /g 2.6/

g

’Be 15.97 ± 0.03 Ml (3.7 ±0.8) /g 0.043/ g —
“B 4.46 E2 and 0.0173 ± 0.0021 8.2 3.44 ± 0.50

Ml 0.64 ± 0.08 0.34 2.60 ± 0.35
5.04 Ml 1.84 ± 0.14 0.69 2.60 ±0.11

I2C 4.43 E2 0.0122 ± 0.0008 5.30 3.14 ± 0.30
“O 6.92 E2 0.100 ± 0.015 3.28 3.82 ± 0.46

11.52 E2 0.52 ± 0.13 1.31

“Mg 9.85 ± 0.04 Ml 7.95 ± 1.2 0.38 3.50 ± 0.49
9.97 ± 0.03

10.35 ± 0.03 E2 0.24 ± 0.05 0.58 5.05 ± 0.50
10.70 * 0.03 Ml 22.2 ± 2.4 0.86 3.60 ± 0.36
10.93 ± 0.04 E2 0.26 ± 0.11 0.50 __

“Si 4.97 ± 0.02 CO (2.0 ± 0.5) x 10* 5 ‘

6.90 ± 1.20
“Ca 6.89 ± 0.05 E2 0.29 ± 0.04 2.85 4.60 ± 0.50

‘The Bom approximation has been used except for
laO and *°Ca.

(21, * 1)/(2I, y 1).

* r, s equivalent to ME = (8.87 * 1.00) F
a

.
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G. Baciu, D. Catana, C. Deberth and I.

Rev. Roum. Phys. 301 ( 1966 )

method

Rai leanu
0 16 8

REF HO.

66 Ba 5 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABX 15-25 C 15-25 ACT-

1

4PI

+

Titbit l

[HI
('(, Tn )

: [121
(v, Tn )

1

fi‘i

(/»• r)
i Prc<ont work

e
!

r \ e
i

r r ! E ' rotcY)
l

1 10.00
1 i 10.15 . 0.50

17.10 !

17.2.5
|

|

17.10
j

17.00

17.13

1 —

1

i

0.014
,

1 7. 1

5

0.35

1
1 ! 17.29 o.OOO

i

1

1

1
1

!

'

is.no '

0.43

19.00
j

19.10

1 19.00 i 1

i 19.30
:

;

19.05 1

19.50 !

—0.35 !

— 0.40 :

19.35 l.i'S

20.10
. ;

|

i i .
:

20.00 ,

|
20.SO

. 21.00
;

- o.s
i

21.00
, 0.62

21.00 1

!

21 -SO
;

!

j

22.10 ;

22.30
;

1 22.10 '

j

:
1

1

22.20 : 0.85

22.00 ".S3

2:5.10
j 23.10

;

i 23.00 . O.00
_

2.3.25 0.3S

21. in
!

2-1.no 1 1

21.21' ^ f

”
'

2 M.7«)
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REF.

B.C. Cook, J.E.E. Baglin, J.N. Bradford,
Phys. Rev. 1^ B712 (1966)

METHOO

and J.E. Griffin

EL EM. 5YM. A

0

REF. NO.

16 8

70 MeV synchrotron 66 Co 1 JDM

REACTION RESULT
excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABX THR - 65 C THR - 70 ACT -I 4PI

H3

l-'io. 3. The 0“(-y,n)0'* cross section for energy to 65 McV. This curve represents a fully converged least-structure solution for the

v ;c |,| function obtained using the average of six independent measurements. From 15.5 to 29.5 MeV data were taken in 125-keV inter-

Vais irom 29.5 to 41.5 MeV in 250-kcV intervals, and above 41.5 MeV in 500-keV intervals. The vertical bars represent the standard

deviation for the solution at representative energies. However, as adjacent cross-section points arc strongly correlated, the interpretation

,,i this bar as a random error is erroneous. The horizontal bar is the full width at half-maximum of the least-structure resolution function

at representative energies. The numbered peaks occurred consistently in all cross sections derived from individual yield functions.

Fig. 6. A comparison
between the (y,f>) and
(y,n ) reaction in O'*. A
recent measurement at

Yale of the (y,p ) cross
section obtained from the
proton energy distribution

is compared with results

reported here. The scale

on the left refers to the

Ol, (y,n)0“ cross section,

while the scale on the right

refers to the 0“(-r,£)N' , ‘

cross section. The agree-
ment between the cross

sections for these differing

processes is excellent.

Note: Original article has additional detailed figures and comparisons.
FORM N8S-418
(rev. 7-i4-«4i
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REF.
I

METHOO

ELEM. SYM. A

H. Crannell
Phys. Rev. 1^8, B1I07 (1966) 0

REF. NO.

16

Z

8

Llnac 66 Cr 1 JDM

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ PMF 6.1 D 600-800 MAG-D 650- 32-60

q
2

; 2.79 - 8.52 F" 3

RMS (r3 )
= 2.65 ± 0.04 F

Table III. Elastic and inelastic cross sections for O'".

£.

(MeV)

e

(degrees;

Differential cross section in em’/sr*

Inelastic scattering

F.lastic scattering 6.1-McV levels

600 32.0 ( 1.38+0.18) X10-** (7.34+0.07) X 1 0 3 ‘

33.0 1 2.98+0.13) X 10"“ (5.46+0.05) x 10 "

34.0 (3.56+0. 15) XIO"” (4.08+0.04) X 10 “
35.0 (3.76±0.12)X10-» (2.86+0 03) X lO-11

36.0 (3.65±0.12) X 10~n (2.31+0 03) X10-«
38.0 (3.06±0. 10) X 10““

(1.27+0.02) X10 ’1

40.0 (2.16+0.06) X10~“ (6.16±0.10) X 10““
42.0 (1 28+0.04) X10-“ (3.67+0.06) X10-"
44.0 (7.58+0.26) X 10-“ (1.7 1+0.04) X 10*°

46.0 (3.59+0.121X10-° (7.33+0.19) X 10"“

48.0 (1.87+0.06) X 10-“ (2.91+0. 10) X10~ a

50.0 (8.23+0.38) X10"" (1.32+0.07) X 10*“

52.5 (2.61+0.25) X 10"“ (4.05+0.38) X UT~M
52.5 (2.48±0.15)X10-« (4.04+0.24) X l()-“

55.0 (6.43+0.69) XIO"" (1.30+0.12) X 10"“

800 32.0 (2. 10+0.07) X 10-° (4.61+0. 13) X10~“
33.0 (i.n±o.o2)xio-» (2.29+0.24) X 10"“

35.0 (5.57+0. 16) X 10"“ (7.57+0.22) X 10-“

37.5 (1.60+0.06) X 10"“ (2.56+0.10) X 10"“

40.0 (2.27+0.35) X10"" (3.58+ 1.12) X 10-“

41.0 (1.08+0.09) X 10"“ (2.76+0.72) X 10-“

42.5 (5.64+1.34) X 10"“ (1.9 +Qg)Xl°-“

• All cross sections were measured with an angular acceptance in the
horizontal plane (OS) of 1.93°. Errori given are those due to counting
statistics only.

10

F
Z

{ q
2

) FOR THE 6.1 MeV
LEVELS IN 0

1*

INCIOENT electron eneroy
• 600 M*V
• 800M«V

10

!•

10

e
2

in f
" 2

Fio. 9. F*(q*) as a function of q
1 for the levels

at approximately 6.1 MeV in 0“.
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8E,r
‘ V.P. Denisov and L.A. Kul'chitskii

J. Nucl. Phvs. (USSR) 2, "’0 (I9e5)
Sov. J. Nucl. Phys. 2, ^3 ( 19tc)

EL EM. S»M. a

0

REP- NO.

iC

Z

8

Synchrotron
Page l of 3'_

co De 4 JDM

excitation
ENERGY

SOURCE ELECTOR
ANCLEREACTION result

TVP| RAN 6C TYPE RANG*

G,P AB1 THR - U. C 21 - 44 TEL-D 3.4 - 12.4 oO'

>*o

oc£y = S3 = 3 tnb-MeV
"x?

Paper gives comparison with other (y,p) as well as
(y,n) data.

ground stile of V s <the hollo* points ire the data of Finckh and Hegel*1 ”1. The dashed
is the crocs section for the transition to the first and second excited states of N“, and the
dash-dot Hoe for the transition to the third excited state. The upper curre is the n*»l crocs
section.
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" EP
' V.P. Denisov and L.A. Kul ' chitslcii

J. Nucl. Phys. (USSR) 2, 70 (1965)

Sov, J. Nucl. Phys. 2, 43 (1966)

method °ep. ho.

Page 2 of 3. 66 De 4 JD*

RESULT
excitation SOURCE OE'EC-OR

REACTION EN ERGY TYPE RANGE TYPE >m:e
ANGLE

E. EM. S»’M. A z

0 I 16
|

3

03.U-3.3 v-e*

100 *

ICQ-
20 25 30 35 UO '4$

2) 3J-U.3 tteV

i *

K1
J.

3) u.u-u. 3 v*/

500\-

5) 5,5“ 5.3 v.e y

500 1-

30tr
-

lOOh

. 6) 6.4 - 7.1 M*V
a

J-
20 25 30 35 UO US

^yacs •

2° 25 30 35 u-0 US'

TOtfr

500
f-

300 f- / ’V3.3-IS. l MeV

/Mj- 1/

zlZMfi-nj

Fig. J. Proton vieid curves for individual sections of ine soectra. .V, is the nurooer of protocj
io a given section, per unit charge on the puanLumeter.
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* er ' V.P. Denisov and L.A. Kul'chitskii

J. Nucl. Phys. (USSR) 2, 70 (1965)

Sov. J. Nucl. Phys. 2, 48 (1966)

ELEM. SYM. A

0

method REF. NO.

z

16 8

REACTION

[Page 3 of 3] 66 De 4 JDM
)£ TECTO R

ANGLE
RANGE

FORM NBS-418
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REF.

F. W. K. Firk
Nuclear Instr.

METHOD

EL EM. SVM. A Z

and Methods ^2, 312 (1966)
0 16

REF HO.

8

l 2 C(n,n) polarimeter 66 FI 1 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLETYPE RANGE TYPE RANGE

$G,N N0X THR- 70 C 10-70 T0F-D 2-3 DST

No polarization effect seen.

Fig. 5. Time-of-flight spectrum of neutrons from the reaction ‘2C(n,n)UC at 32°, 90° and 148°. Resolution 0.3 ns/ra.

Er*.. " 35 M*V

Fig. 6. Polarization studies, by 30° left-right scattering from 12C, of photoneutrons from the 15O0',n)*-<O reaction. 'os

375

form NBS-418
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F. W. K. Firk

Proc. Gatlinburg Conference 352 ( 1966)

METHOO

ELEM. SYM.

0

REF. NO.

16

66 Fi 2 hrag

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XN SPC THR-65 C 65 TOF-D 5-AO 90

Neutron Energy — MeV

Channel Number

Fig. 1. Observed photoneutron time-of-flight spectra, of C, O, Mg, SI, Ca, Co,V, and Ta.

[over]
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90~

Relotive

Yield

(

Arbilrory

Units

)

Fig. 2. The 90’ relative yields ol photoneutrons from UC and “O compared with

the total ( y, n) yields.
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REF.
S. C. Fultz, R. L. Bramblett, B. L. Berman, J. T. Caldwell,

and M. A. Kelly
Proc. Gatlinburg Conference 397 (1966)

ELEM. SYM.

16

METHOD REF. NO.

66 Fu 2 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,NG/ RLY 20-26 D 20-26 BF3-I 4PI

G,PG/

CO INC

states of
15N (top curve) and

150 (bottom curve).
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REF.

A. Goldmann, P. Kneisel und H. v. Buttlar

Z. Physik, l%2, 282 (1966)

CLEM. SYM.

16

REF. NO.

66 Go 2 JDM

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.T ABX THR-55 C THR-55 ACT-

1

4PI

Fig. 1. McQpunkte: Ausbeuieverhaltnis F(0 ,6 (y, /)l/y(C 12 (y, /») C 11
! (linke Ordinaienskala). Die ge-

strichell eingczcicnnete Kurve fur den Wirkungsquercchniti (rechte Ordinaienskala) wurde au* der

glattcn Intcrpolationskurve durch die McQpunkte bcrechnct
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REF
‘ J. Miller, C. Schuhl, G. Tamas, C. Tzara

J. de Physique 22, 3 (1966)

CL EM. SYM.

16

REF. NO.

66 Mi 2 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N ABX 16-27 D 16-27 BF3-X L21

•i'l t

TABLEAU V

fftn» 4 26 MeV en MeV.mb

U0 «Ca i=C Mg

Y, n 41,5 ± 4 73 i 7 29,4 ± 3 58
~±

G

C(m b)

Fig. 1. — o(v, a) dans **0. Points cxpurimentaux de mars 1962 (petits cerdes noirs)

ct avril 1963 (grands curcles avec croix blanches).
La uourbe tracec ticnt complc de la resolution linie de la raie de photons (400 keV).
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REF.

R. 0. Owens and J. E. E. Baglin

Phys. Rev. Letters _17, 1268 (1966)

ELEM. SYM. A

0 16

METHOD

Linac. NBS P2

REF. NO.

66 OW 1 JDM

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,NG RLY THR-29 C 20- 29 SCD-D 4-9 135

G,PG RLY THR-29 C 20- 29 SCD-D 4-9 135

There is significant branching to (l/2+, 5/2+) states near 5 MeV.

FIG. 2. Cross-section curves for O ll
(Y,fi s) (top),

Ou(y,h
3) (center), and for the combined process Ow(y

Pl,j)(Y.»»l,j) (lower).
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REF.

METHOD

R. 0. Owens and J. E. E. BagLin
Proc. Gatlinburg Conference 337 (1966)

0

REF. NO.

16 8

66 Ow 2 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,NG RLX THR- 29 C 20-29 SCD-D 135

G,PG

o'* < r.J r '

)

Fig. 2. Cross section curves for gamma peaks.
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N. G.

Phys.

METHOO

ELEM. SYM. A z

Puttaswamy and D. Kohler
Letters 20, 288 (1966) 0 16

REF. NO.

8

66 Pu l EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

HE3,G RLX 23 - 26 D 1-4 NAI-D 15 - 26 90

(1.0-3. 5)

Absolute cross section in terms of 13 C(3 He,aY) 12 C( 15. HMeV)

dd

dfi
90

= 0.7 M-b/sr
+80$\
-50%)

at 2.92 MeV

Levels at 24.05±0.10 MeV

r = .45 MeV

25. 12±0.05 MeV

T = .60 MeV

3
H. ENERGY (LAB) IN M«V

Fig. 2. Differential cross section at 90° for the 13C
('iHe,>0 160 reaction as a function of 3He lab. energy.
The data points for different target spot positions are
shown by different symbols and were normalized to

each other near 2.9 MeV 3He energy. See text for fur-
ther details

.
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REF.

M. Stroetzel and F. Gudden
Phys. Letters 22, 485 (1966)

EL EM. SYM.

16

METHOD REF. NO.

66 St 2 JDM

reaction RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ FMF 5 - 14 D 60 MAG-D 46 - 60 117

Counts

M C

80 E 0 a 60.5 MeV

60

e si 17

o tn o vrt

Mil

.A

52
e [m*v]

Fig. 1. Energy distribution of 60.5 MeV electrons scat-
tered from 180 mg/cm2 BeO through 117°-

Fig. 2. Square root of the reduced transition probability

of the 6.92 MeV (2+) level in lsO.

Table 1

Reduced transition probabilities B(E2, 1) which differ
from the 3(E2, k) used in the text by the statistical fac-
tor 1/(2/+ 1) = with

B(E2, 1) = -j-B(E2, h) fm*

Experiment 6.92 — g.s. 6.92 —6.05 11.52 —g.s.

(y.y) fioj 4 3
+ 1-4

4 ‘3 - 0.9
40 •

(y.y [U] 5
2+2-3

5,2 - 1.2
48 *

(at, y) T12] 5.5 ± 1.2

(at.y) [131 4.0 ± 0.6

(e. © *) f 5] 5.2 * 0.6

this work 7.9 ± 1.2 73 * 3.1
5 * 0.8

Theory [1] 5.3 103 3.3

* Values calculated with a branching ratio of 2.8 xio-4
(average from [8] and [9]).
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REF. ELEM. SYM. A Z

M. Suffert
Nucl. Phys. 21i 226 (1966) 0 16 8

METHOO REF. NO.

6 MeV Van de Graaff 66 Su 1 JDM

RESULT
EXCITATION

SOURCE DETECTOR
REACTION ENERGY TYPE RANGE TYPE RANGE

ANGLE

D,G ABX 21- 25 D 1- 5
EiAIr.D Q - 25 DST

Fig. 9. Differential cross section at 90 3
of the uN(d, y,)"0 reaction as a function of excitation

energy in l,0 at the centre of the gas target. The horizontal bars show the energy spread due to
the target thickness. The indicated errors for the cross section do not contain a possible enor of the

absolute calibration (estimated maximum value ±30%).

Fig. 10. Angular distribution of the >«N(d, yt)
uO reaction at E„ =- 22.7 MeV. The curve is the

Legendre polynomial flu

T9
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Fig. 3. Cross section for inelastic scattering of electrons at 180° with excitation of the l,0 nucleus,
plotted as a function of excitation energy.

Table 1

Cross sections and matrix elements of levels excited in “0

Experimental

levels

(±0.25 MeV)

(di2/da) x 10-*

C/ab/sr)

|</,||r(9)||/1
>|‘xio«

43 MeV 11.0 1.13±0.30 3.54±0.93

12.0 0.30+0.08 0.94 ±0.25

13.1 1.26±0.30 4.0 ±1.0

17.1 0.67±0.50 2. 10± 1 .57

59 MeV 11.0 0.05 ±0.02 0.3 ±0.12°

13.1 0.51 ±0.12 3.0 ±0.7

17.1 0.61 ±0.13 3 6 ±0.8

69 MeV 11.0 0.40 ±0.06 3.2 ±0.48

12.0 0.48 ±0.07 3.86±0.56

13.1 0.84±0.21 6.75 ±1.70

17.1 0.69±0.12 5.55 ±1.0

Fig. 7. Squared form factor for the giant resonance in uO. The lower line includes only 1~ states '*),

the upper line also includes the 2“ states 17
). The dash-dot line gives the result if only half of the

2
_

states contribution is included. The open circle at q = 22 MeV/c represents the result of the

photon experiments *). The black circles and the square are Stanford results as given respectively

by refs. ‘• n
>.

u.s. department of commerce
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Yu. M. Volkov, A.P. Komar and V.P. Chizhov
J. Nucl. Phys. (USSR) 3, 277 (1966)
Sov. J. Nucl. Phys. J, 198 (1966)

EL EM. SYM.

0 16

REF. NO.

66 VO 1 JDM

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,D ABX THR - 50 C 20-50 TEL-D 5 - 10 90

Fig. 3. Pho.odeu.eron yield from O" as . function of Eymow circles; differential cross section for the reaction O'Vy, d )

deno^^TT
°f y'?y e"erSy £^“hed line5 the solid line

Q
'

baC gT
r

nd eVel - The heavy b,ack b" » the result
,be0re

TL “I'
1* 14110" °f Mad“" »"d Henley.- The arrow.W (d. p) and (d ») denote the location, of the energy thresholds of<he react,on, 0“(y. d)N'\ 0'«(y. dp)C» and 0“<y, rf^N-s wi

°

hemission of deuterons with energy Et = 7.5 MeV.
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REF.
J. £. E. Bag Lin and M. N. Thompson
PICNS-67 Contributions, International Conference on Nuclear Structure,
Tokyo, Japan 1967 (institute for Nuclear Study, University of Tokyo,
Tanashi-shi, Tokyo, Japan) 10.24, P» 388

£L£M. sym. A L

0 16 8

REF. NO.

67 Ba 5 EGF

METHOO

REACTION RESULT EXCITATION
ENERGY

SOURCE

TYPE RANGE

OETECTOR
ANGLE

G,NG SPC 21-26 26 SCD-D 5-8 135

G,PG SPC 17-26 26 SCD-D

Decay Modes of 0
16

Giant Resonance States

J. E. E. Baglin and M. H. Thompson

5-8 135

G- SPECTRUM

Electron Accelerator Laboratory, Yale University
New Haven, Connecticut USA

A study has been made of the spectrum of r-raya produced In the decay of
excited levels of 0^ and which result from the 0*”(r,n) and ol°(/',p)

processes. Examination to find which residual conflguratlons are produced by
specific regions of the giant resonance can indicate the nature of the parent
excited states in 0l&.

The figure shows a spectrum obtained from a water target with a 6 cc Ce(Li)
detector placed at 135°to an incident bremsstrahlung beam of maximum energy
26.5 MeV. Most of the giant resonance can thus contribute to this spectrum.
The spectral peaks shown are double-escape peaks which rise over the corresponding
compton and bremsstrahlung components of their line profiles.

The 30 keV resolution used is sufficient to show comparable population of
all four positive parity states at 5.18 MeV (1/2

+
) 5.24 MeV (5/2+j[ol5] and

5.27 MeV (5/2+), 5.30 MeV (i/2+)rNl5-|
, as well as the two (p 3 /2

)"1
.
3/2* states

at 6.18 MeV [0^]and 6.33 MaV [N15 ], and the 3/2+ state of 015 and 6.79 MeV.
The 6 MaV peaks exhibit their expected Doppler broadening.

In other spectra, taken also with 26.5 MeV bremsstrahlung, evidence has
appeared for a weak line whose likely origin is the positive parity state at
8.3 MeV.

In a previous measurement (1) it was established that some or all of the

5 MeV lines make up about 241 of the total excited-state cross section. It is

now evident Chat both 1/2+ and 5/2+ states are produced, in this process. Their
production occurs strongly between 22 and 25 MeV and it implies an appreciable
non-single-partlcle excitation in this part of the giant resonance.

The <P3/2)~^ ^ MeV states are populated readily by single-particle processes,
and their dominance la to be expected. The suppression of the cross section for
the 6.18 MeV (O1^) line at energies below 24 MeV, as reported in reference (1),
remains to be explained.

References: (1) R. 0. Owens, J. E. E. Baglin, Phys. Rev. Letters 17. 1268(1966)

.

* Work supported by the United States Atomic Energy Commission.
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REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANSC TYPE RANGE

p,g RLX 20-30 D 10-18 NAI-D 20-30 DST
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?lg. 2. Excitation function for iSNlp.yo)!6© from£ p = 12.7 to 18.0 MeV measured at 90°.

The Inserts show a repeat run with 20 keV resolution and a typical gamma-ray spectrum.

Paper gives absolute cross section integrals
obtained by normalizing relative yields to
64Ta2 (N.W. Tanner et al., Phys. Rev.
Lett. 13, 410 (1964).

Fig. 1. Excitation functions for J^Nlp.yo)1®0 from Sp =

= 10.0 to 11.24 MeV, measured at 32°, 45° and 90 . In

the calculation ai the excitation energy scale allowance

has been made for the energy loss In the entrance foil

, at the gas cell.
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REACTION RESULT
excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE PANGC

P,G RLX 21-22 D 9-12 NAI-D 21-23 45

Giant Dipole Resonances In p-Shell Nuclei.*

J. L. Black, F. Bless, F. Paul,^ W. J. O'Connell, G. A. Fisher, and S. S. Hanna

Department of Physics, Stanford University, Stanford, California, U.S.A.

The giant dipole resonances in p- shell nuclei hare been studied by means of the (p,r)

capture reaction. The capture gamma rays are detected vith good resolution with a 2U x 24 cm

Nal detector encased In an anticoincidence plastic shield and employing pulse pile up suppres-

sion. The region of the giant resonance can be covered with good energy resolution with pro-

tens from an FK tandem accelerator up to proton energies of 18 MeV. Fine structure and gamma

ray angular distributions for giant resonances observed In ®3e,
lll

N, and
l8

0 have been studied.

For
8
Be and the giant resonances based on the first excited state can also be studied.

T 8
The resonances observed In Li(p,r) Be are shown In Fig. 1. The 7

Q
giant resonance shows lit-

tle structure. The 7 resonance exhibits some structure at E » 22 MeV. The center of the 7
l * l

resonance lies about 2.3 MeV above the center of the 7
Q

resonance. Thus, the excitation energy

for both resonances is about the same, 21. 5 MeV. The dipole strengths of the resonances are

about equal 1. e. , the Integrated yields are roughly proportional to 2J * 1, where J Is the

lU
spin of the final state. In N the first excited state has T * 1, so that resonances based

on a T « 1 level sire observed. Previous measurements

1

on ^NfpjFg)
1^ have been extended to

Bp » 17.5 MeV. Above E^ • 23.5 MeV, no pronounced structure was revealed. In addition, the

main peak of the giant resonance at E^ « 22.2 MeV has been studied In detail with high resolu-

tion to search for possible fine structure. Results at 9 ^3*
,

shown In Fig. 2, Indicate the

existence of structure In this peak. A measurement at 9 - 90* displays similar structure.

The results are compared with recent ^O^p)1
^! data.

2

* Supported In part by the National Science Foundation.

Present address: State University of New York, Stony Brook, New fork.

1 N. W. Tanner, G. C. Thomas, and E. D. Earle, Nucl. Plgrs. 22, ^5 (1961*). 390
2 J. Baglin, private ccemunlcatlon.
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ref. no.

67Ca3 eGf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,NG ABX 17-29 D 17-29 NAI 5-7 4PI

G,PG ABX 20-29 D 17-29 NAI 5-7 4PI

FIG. 2. 0 18 (y,7ty') and (y ,PY) mirror-level, final-

state cross sections, (a) Top: Ou (i
+

, |
+ unresolved)

5.2-MeV, final-state cross section. Bottom: N l5
(i'

h
>

|
+
unresolved) 5.3-MeV, final-state cross section.

Bashed line shows effect of subtracting 9.22-MeV lev-

el cascades (Ref. 2). (b) Top: 0 15(§~) 6.18-MeV, final-

state cross section. Bottom: N 1S(§~) 6.33-MeV, final-

state cross section, (c) Top: O l5
(3
+

) 6.79-MeV, final-

state cross section. Bottom: N 15
(3
+
) 7.30-MeV, final-

state cross section.
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REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLETYPE RANGE TYPE RANGE

E,E/ EMF 19 D 128 MAG-D DST

J-PI

Fig. 2. The variation of the transition matrix element with
momentum transfer. We use the formalism of deforest and
Walecka [T. deForest and J. D. Walecka, Advan. Phys. 15, 1

(1966)3, tius |Fr(?)|*- (4r/Z*)K/’| |Jf
1
10+>|«.
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METHOD
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REF. NO.

16
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67 Ea 1 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G ABX 13-25 D 1- 14 NA1-D DST

/083
Detailed angular distribution plotted.

Fis. 6. The 90° excitation function for 13Nfp, >-0)
leO (dashed portion is from ref. »)) and the coclii-

cicnts from the Legendre polynomial expansion da/d.O = (cos 0)+AiP.(cos0)+A 1 Pi(cos 0).

[syver]
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REF. NO.

67 Ea 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

Eicitotion Energy in
s
0

Fig. 7. The total cross section A„ of I5N(p, y<t)"0 and the coefficients At/A0 from the expansion

—2^|F|(cos 0). The vertical lines show the r.m.5. errors. Note that the angular distribution coefficients

of fig. 6 are divided by A 0 and plotted in this figure. The dashed curves are drawn smoothly through

the experimental points.

[ over]
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Fig. 9. Detail of the AJA„ versus Ey data in the region of 19 McV. The peaked curve is consistent

with the strong quadrupole state identified by Bishop and Isabelle **) at this energy.

Fig. 10. Decomposition of the total cross section A„ (curve 1) into the sharp quadrupole resonance

at 19.08 McV (curve 2) and the remaining dipole cross section (curve 3).
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REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XN ABX 19-150 C 100-150 BF3-I 4PI

a reactions cm'
. jq

5

i mole • MeV

10- . Carbon

» Oxygen
. Calcium

I
1

**********

0
100 110 120 130

>

ICO 150 E jrnax

Fig. 3. Yields of the (y, Tn) reaction for the three nuclei as a function of energy.

a mb

10 -

c
o

Q.

O
1/1

•O
<tj

54

03

— Carbon
Oxygen— Calcium

100 120, 140 160 E^MeV

Fig. 6. The absorption cross sections for the three nuclei after all corrections have been applied.

Table 2

Values of the parameters for the best fit to the bremsstrahlung weighted cross sectioas

f
£y aJ£l d£ = (a,+ fll£r)£T

J Es E

>*c "O «Ca

O. (10") 7.03 ±0.05 7.9 ±0.5 24.6 ±0.8

ax (10") -0.0173 ±0.0004 -0.0072 ±0.0036 -0.09 ±0.006
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H. M. Gerstenberg and E. G. Fuller
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,
June 1967

0 16

REF. NO.

8

67 Ge 2 HMG

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLETYPE RANGE TYPE RANGE

G,N ABY THR-27 C 22,27 BF3-1 4PI

Table 7. Comparison of neutron yields. Yields are given in units of (neutron cn^/MeV nucleus)xlO 29
.

The estimated uncertainties in Y and Y
c

are of the order of 6$ and 10$, respectively.

Element E
0

y(E
0 ) UCRL Saclay Va. NBS(01d) UCRL Saclay Va. NBS(Old) Ref.

Exp Exp Exp Exp

Y
c V Y

Pb 27 103 86 1
0.83 26,30

22 111 92 116 1 0.83 1.05

Au 27 39 97 1.09 24,30,

22 92 98 88 115 1.07 0.96 1.25 38

Ta 27 31 82 77 1.01 0.95 27,30,

22 35 79 80 113 0.93 0.94 1.33 38

Ho 27 67 75 1.12 27,31,

22 69 77 32 103 1.12 1.19 1.49 39

Ag 27 36
22 34.3

Cu 27 14.4 13.2 0.92 28,30

22 12.6 11.5 12.4 0.91 0.98

Co 27 12.7 12.1 0.95 29,34

22 10.6 9.9 13.5 0.94 1.27

j
Ca 27 1.69 1.13 1.01 0.67 0.60 32,35

p 27 2.35 1.76 0.75 36

1

A1 27 1.92 1.62 1.38 0.84 0.72 25,37

! oia 27 0.54 0.42 0.48 0.42 0.73 0.39 16,32,
37

1

c 27 0.50 0.35 0.33 0.46 0.70 0.66 25,32,

1 1

(OVER)
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Fig. 31. Absolute neutron yield as a function of atomic number. The neutron yield from calcium
(Z = 20) Is particularly low In comparison with the other elements because its (y,n) threshold
Is high compared to the mean energy of the giant resonance.
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REF. NO.

67 Ko 1 JDM

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANOE TYPE RANGE

G.P ABX THR- 55 c 21-55 TEL-D 3-30 90

r>43 ,
. .

I <j(y,p ) dEv
= 47±6 MeV *

“19 • 1 i
° Y

mb

(
48*5

d (y>Pi -)dE, = 7.5±2.0 MeV. mb
Jai.o ’3 Y

r
7 ‘ S

d(v,p )dE = 14. 1±2.2 MeV. mb
Jga.o Y

f

65
a dE = 152fc22 MeV. mb

“19*1 P Y
Fig. 1. Cross-section curves. 1) Curve for the cross section a(y

,

p,) (cross section for

transition to the N
1S

ground state); 2) o(y, p,) (cross section for transition to the third

excited state of NlS
); 3) o(y

, p,j) (cross section for transition to the first + second ex-

cited state of the N nucleus); 4) o(y, po) + o(y, p, t )+o(y, p,); 5) Op (cross section

for photoproduction of protons with an energy of 3.4 to 30.0 MeV). The dashed lines

denote the parts of curves 2, 3,and 4 obtained from an analysis of data from [10-13] on

on the basis of the results of our measurements. The dotted curve applies to the cross

section o(y, p,) evaluated from data on the inverse reaction N is
(p, y 5 )0

16
[8, 9].

TABLE 1. Relative Intensities (in <

70 ) of Transitions to Various States of the NlS

Nucleus from Excited States of O16 Having Energy E{

E, .
MeV

Ground state of the

NlS nucleus

First + second excited

state of N15

Third excited state of

N
15

this paper
reference

[16]
this paper

reference

[16]
this paper

reference

[16]

22.3 56 + 10 52±10 12± 4 5±5 32±8 43±10
23.1 35±10 37 ±10 7 + 3 5±5 58 ±15 58±10
24.3 53±10 52±10 1 3± 4 5±5 34±8 43±10
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K. Kramer, H. v. Buttlar, A. GoLdmann, and B.

Z. Physik 207, 1 (1967)

METHOD

Huber
ELEM. SYM.

16 8

67 Kr 2 egf

EXCITATION SOURCE OETECTOR
REACTION RESULT ENERGY TYPE RANGE TYPE RANGE

ANGLE

G. N13 RLX THR-55 C 30-55 ACT-

I

4PI

G. Cll RLX THR-55 C 30-55 ACT-

I

4PI

G.T RLX THR-55 c 30-55 ACT-

I

4P1

Tabular data given

Table 4. Summary of integrated cross sectionsfor various photoreactions in l2C and l60

Reaction - Threshold 23

MeV

TZ

f odE at
0

MeV • mb

En

MeV

Reference

uC(y,R)“C 18
J65.4 57 16

\77+6 65 17
l2C(y, jr)

7Be 26.3 + 6.0 +0.4 57 3
l2C(y,pa) 7

Li 24.6 5.6 + 0.4 55 6
i2C(y.pt) BBe 27.2 5.7 54 18*
l2C(V,t) 27.4* 5± 2 50 this work
16
0(y, /i)'

sO 15.7 58 62 7
I6
0(y, *)“C 25.9 + (4.9 +0.9 65 5

14.1 + 0.4 55 this work
l6
0(y, px) u B 23.1 4.8 + 0.4 55 6

16
0(y, x) l3N 25.0* 1.2+ 0.1 55 this work

l60(y,t) 25.0* 2. 1+0.2 51 4

+ For (y,/!<x)-channel, which has lowest threshold.
* Lowest threshold.

* Calculated from Fig. 3 in ref.
I8

; compare footnote on p. 8.

Fig. 3. Yields of phototritons from l2C and 160. Error bars are of the same order of
magnitude as the diameter of the circles. The lowest thresholds are indicated by arrows.
Curves have been drawn arbitrarily through the data points. The dashed line shows <ry
for the reaction 12C(y, pt) sBe calculated from the cross section measured by Maikov 1 *

6
Maikov ,V.N. : Soviet Phys.JETP 2, 973(1958).
[Zhur.Eksptl. i Teoret. Fiz.24, 1406 (1958)].

[over]
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excitation energy EY [Mev]

Fig. 4. Cross sections for production of UC from l<sO obtained by Sanderson 5 and

in this work. The error bars indicate the accuracy of unfolding the yield curve

Fig. 5. Cross sections for production of 13N and of tritons
4 from ieO. The error bars

indicate the accuracy of unfolding the yield curve
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METHOD REF. NO.

67 Lo 1 JOC

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G/ ABX 18-32 C 31 NAI-D DST

TABLEAU I

••O.

“Na

“Mg
“Si

“K .

Coefficient a. des distributions angulaires

^(9) = 1 a cos2 9

a( 19-25 MeV)

3(15-18 MeV)

«( 16,5-20 MeV)
3(15-17,5 MeV)
a(14,5-18,5 MeV)

= 1 ± 0,1

= 0,1 ±0.1 3(18,5-23 MeV) = 0,4
= 0,3 ±0,1 3(20-25 MeV) = 0,5
= 0.87 ± 0,1 3(18-23 MeV) = 0,7
= 0,5 ± 0,1 3(19-24,5 MeV) = 1

± 0,15 3(25-30 MeV) = 0,85 ± 0,2

±0,1 a(25,5-32 MeV) = 0,5 j-0,1

± 0,1 a(25.5-32 MeV) = 0,5 ± 0,1

± 0,1 3(25-32 MeV) = l t o,l

Courbe I : Section erbeace prevue par la relation de
dispersion.

FlC.. 2. — Contribution de la diffusion inelastique eutre
18 et 24 MeV a Em = 32 MeV et Cm = 34 MeV.

T'"H5. 3. — Section effirnre fie diffusion itielasi irpie n 1 (On

form NBS-418
)

(REV. 7-14-84)
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RESULT
EXCITATION SOURCE OETECTOR

REACTION ENERGY TYPE RANGE TYPE RANGE
ANCLE

G, XN SPC THR-20 C 23-27 TOF-D 2-12 100

(a)

(b)

FORM NBS-418
IS EV. 7.1 i-MI

I U3COMM.CC Zfl 0 1 0- P6

4

(C)

Fij. 6. Energy spectre of photoneutror.s from 0« (r, n) reaction deduced from the time soectrum in of commerce
rig. 5. Abscissa is scaled by both laboratory neutron energy and correspondin'* 0“ excitation c.icr-

1 “+04 if st»no*roi

gy for the case of ground state transition.
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METHOD REF. NO.

67 Mu 1 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLETYPE RANGE TYPE ran ss

G,PG SPC 17-30 C 28,30 SCD-D 5-3 90

G,NG SPC 21-30 C 28,30 SCD-D 5-8 90

G- SPECTRUM

7,P7 and 7 vn7 Reactions on 190

K. M. Murray and J. C. Ritter

0. S. Naval Raaaarch Laboratory

Uaahlngton, D. C. 20390

form NBS-418
(REV. 7-ia.es>
(JSC OMM-OC 260 1 0- F

Tha absorption of alactromagnatlc photona In cha anargy range

from approximately 10 MeV to 25 or 30 MaV la ccemonly rafarred to aa

tha "photonuclaar giant raaonanea". This abaorptlon of enargy

generally reaulta In particle amission and frequently the realdual

nuclaua la left In an excited atate. Thla excited atata decaya to

lta ground atate thru the amission of one or more gamma raya. Thaaa

deaxcltatlon gnat raya froa an 190 targat bombarded by bremaa trah lung

froa tha US NRL Llnac were obaervad ualng a large (30 cc) LI drifted

Ga eryetal.

Fig. 1. A portion of tha C096 channel epectra for 19
0. Tha enarglea

are In MaV. Tha letter* Indicate, d - double aacapa peak, a - a Ingle

eacapa peak, and f • full enargy peak.

Fig. 1 ehow* a portion of cha apeccra obcalned with 28.0 and

30.0 MeV end-point-energy bremaatrahlung. Gatina raya from 1SN appear

with anergla* of 3-92U, 5. 270 , 5-299, 6.323, and 9.223 MeV while ganrna

raya from the correapondlng taobaric analog level* In ls0 appear with

enarglea of 5*168, 5-2*0, and 6. 180 MeV. The line* are doppler broadened

by racoll fron particle emlaalon. The two line* at 5-2*0 and 5.270 appaar

sharp becauaa chair Ufa dmea are so long (
> 10" 12see.

) ,
chat Che

recoil haa bean channelized (chermallzlng time — 10* 13 sec.). Tha level

at 9-223 MaV ha* been seen In a recent run at 2**. 3 MeV. Thla indicate*

Chat It la probably coming from a level In l90 at 22.5 MeV and this would

imply a proton of approximately 1 MeV energy. Such a low energy proton

would not produce very nxich recoll-doppler-broadening. Thla Is consistent

with Che observed wldch of < 33 keV fwhm for chi* level.

Tha l50 ground state decaya thru a 12** sac.
+
0 transition of 1SN.

By observing thla activity ve measure Che total number of 15
0 ground

atacea produced. Thereby cha fractions of excited state transitions

to ground atata transitions can be calculated for Cha l50 nucleus only.
405
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M. Suffert and W. Feldman
Phys. Letters 24B . 579 (1967)

ELEM. S YM. A Z

0 16 3

METHOD REF. NO.

[Page 1 of 2] 67 Su 1 JOC

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

A « G RLX 14.- 25 D 8-2L NAI-D DST

Fig. 1. Excitation function at 45® of the reaction 12C(a,y0)16o. The width of the'data points indicates the target thick-
ness. The yield in arbitrary units is corrected for the energy dependence of the detector efficiency.

l

Table I

Resonance parameters

Ea

(MeV)

Ex

(MeV)
(c.m.)

(MeV)

r
(c.m.)

(MeV)

J

"

(eV)

12.30 16.40 0.11 0.10 ± 0.10 2* 0.2

14.70 18.20 0.09 0.39 ± 0.08 2* 0.7

18.50 21.05 0.08 0.24 ± 0.08 1" 6

• Target thickness.
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phys. Letters 24B, 579 (1967)
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REF. NO.

67 Su 1
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REACTION

—

RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

1
1

...

JOC

!

Ex(MeV)

I
Fig. 2. Comparison of the results of this experiment with the results obtained in fS^p.y^lSo

f 1 J . ^Cl.a,y^)^ 60 for

£3 <8.5 [ 6], f^N(d,

y

0
) f®0

[
8 |,

l2C(cr .a 'y
4 43 ) >-C ( 13| and 12c(a. n) wo

[ 14).

r

[
1

I
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REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGl

»

TYPE RANGE TYPE RANGE

G,P RLX 19-26 C 20-26 SCD-D 6-14 DSL

i
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PICNS-67 Contributions, International Conference on Nuclear Structure,

Tokyo, Japan 1967 (institute for Nuclear Study, University of Tokyo,
Tanashi-shi. Tokyo, Japan) 10.22. p. 386

ELEM. SYM.

16

METHOD REF. NO.

67 Th 2 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P RLX 20-25 C 26 SCD-D 7-12 135

16
Photoprotona from 0

M. N. Thompson and J. E. E. Baglin*

Electron Accelerator Laboratory, Yale University
New Haven, Connecticut USA

Spectra of photoprotona emitted from 0*^ to the ground state of N*^ have

been observed at lab angles of 45 , 90 ' 120 and 135 with an experimental
resolution of 40 keV. The gaseous oxygen target was irradiated with 26 MeV
bremeatrahlung and the protons were detected using cooled S1(L1) detectors.

The figure shows an early 135° spectrum. Recent spectra at all four anglas
are statistically better and contain quantitative features similar to those
shown. It is Important to note that the former simplicity of the 0*6 ground
state photoproton cross section is destroyed according to the above figure.
Evidence from all the measured spectra suggests that the peaks previously canaldared

to be the basic cross section entities, consist of narrower components. The
"22 MeV peak" consists of at least three components (21.8, 22.1, 22.3 MeV) the
"21MeV peak" has two (20.7, 21.0 MeV), as do both the "23 MeV peak" (23.0, 23.2
MeV), and the "24.5 MeV peak" (24.2, 25.1 MeV). In addition, ouch finer structure
with a width of 50-70 keV is found over the whole energy region studied. Peaks
of this nature appear repeatably in spectra at each angle, although with different
relative intensities.

Although it is hoped to carry out a complete analysis of the angular dis-
tribution data, several observations can be made at this time. The two components
of the "23 MeV peak" have different a-*ular dependence. The one at 23.2 MeV is

less strongly peaked at 90° than the &.0 MeV component. Similarly for the peaks
at 24.2 MeV and 25.1 MeV, the upper one Is less dependent on angle than the other
which is strongly peaked at 90°. It is also interesting to note that at 90°

the valleys at 22.8 MeV and 23.5 MeV are of equal height as distinct from the
situation shown here, Indicating a cross section contribution at 23.5 MeV peaked
at 90°.

1

form NBS-418
R EV. 7.1 *-«4)
'UicoMM.oc aeoio-pa*

The consistency of the fine (50 keV) structure at all angles implies chat
they are noc statistical in nature. A paper by Duke et a_l. suggests that such
fine structure may be accounted for by coupling between single particle and
collective states of the 0*6 nucleus.

References : (1) C. B. Duke, F. B. Malik, Proceedings International Conference on
Nuclear Physics, Gatlinburg Tennessee, September 12-17, 1966.

also C. B. Duke, F. B. Malik, F. W. K. Flrk (submitted to Phys . Rev..
1967)

.

*Work supported by Che United States Atomic Energy Commission 409
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[Page 1 of 2]

REF. NO.

68 De 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

G,P ABX 16-55 21-55 TEL-D 4-30 90

Fig. 2. Differential cross section of the reaction >‘0 (y. p„) for protons emitted at 90° to the brems-
_ *

',-34 MeV the cross section was obtained from the data

of refs.
3-‘).

Fig. 3. Differential cross sections of the reactions (/, p, (5) and (y, p 3 ) for protons emitted at 90° to
the brcmsstrahlung beam. The curves were obtained by smoothening out histograms by the method
of Ferreira and Valoshck •). The dashed curve refers to cross sections obtained using other data

(see sect. 3.2).
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EL CM. SYM.

0

REF. NO.

16

Table 4

Intensities of transitions to different states of “N

E,

(MeV) Ground state

First +second
excited states

(5.28; 5.30 MeV)

Third

excited state

(6.33 MeV)

(/p),.o

(MeV • mb)
(IFp),,.

(X)

(fp)i, i,«

(MeV • mb)
<»*>«.».*

(%)

(7p)i, j

(MeV • mb)
(W'p),.,

(%)

17.13 1

17.29 j

2.0±0.2 100

19.0 1.2±0.3 55 1*) 45

19.5 2.2±0.4 35 2.4 ») 40 1.5*) 25

20.9 3.2±0.9 50 3.0 ») 50

21.7 1 .7— 0.8 1

22.3 8.0±0.8 j

56± 8 2.2±0.9 12± 6 5.5 ±1.0 32± 8

23.1 2.7 ±0.8 35± 1

2

0.5±0.3 7± 7 4.4±0.9 58 ± 13

24.3 6.0±0.6 53 ± 9 1.5 ±0.6 13± 8 3.8 ±0.8 34± 9
25.0 2.7 ±1.0 SO±17 0.7 ±0.5 20±17
25.6 1 .2 ±0.4 20±17 3.3 ±0.7 52 ±12 1.8 ±0.8 28±12
26.3 1

27.4 j

2.5±0.6 100

*) Obtained by extrapolating the cross section curve.
b
) Obtained from analysis of the data of refs. M. 7

.
«.n-w)

(see scct_ 3.2).

[Page 2 of 2] 68 De 1 EGF

OETECTOR
ANGLE

TYPE RANGE

FORM NBS-418
IR EV. 7-I4.UI
USCOMM-OC 2S010-PS4

Fig. 4. Differential cross sections for the emission of protons at 90° to the bremsstrahlung beam
for 19 different proton energy intervals.
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T. E. Drake, E. L. Tomusiak and H. S. Caplan
Nucl. Phys. A118 . 138 (1968)

0

REF. NO.

Z

16 8

68 Dr 1 egf

REACTION RESULT
EXCITATION SOURCE DETECTOR
ENERGY TYPE RANGE TYPE RANGE

ANGLE

E,E/ FMF 19,20 D 140 MAG-D DST

l60 - 19.1 MeV Level, J
r

« 2”T*I

19=19.1 : 20=20.5

Fig. 5. The momentum-transfer dependence of the square of the matrix element for the 19.1 MeV
level in “O. Theoretical curve I was obtained using the TDA with harmonic-oscillator single-particle
wave functions, and curve II was obtained using the RPA with Saxon-Woods wave functions. The
Bocker-Brink two-body residual interaction of appendix 1 was used for both curves, and in both
curves the single-panicle wave functions give the experimental rms radius of the ground-state charge

distribution.

20.5 MeV Level in *0
iC*s

Fig. 9. The momentum-transfer dependence of the square of the transition matrix element for the

20J MeV level in >‘0.

no-5
Oi-

7
M
~ 6
CD

6 5

-
3

2

I

20.5 MeV Level in
'*0

yS T,*
q»l30M«V

/c
—>' A.

y>"
^.*C-q.20 7w«V

/c

S *

26

[l/2 + tan
z
9/2]

Fig. 10. The angular dependence of the total form factor FAq,[6)* for the 20.5 MeV level in “O. 413
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ELEM. SYM.
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REF. NO.

A

16

z
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68 Ev 1 egf

REACTION RESULT
excitation
ENERGY

SOURCE OETECTOR
ANCLE

TYPE RANGE TYPE RANGE

G
9
G LFT 6-8 D 6-8 SCD-D 6-8

(6.92, 7.12) (6.92, 7.12)

Source Dopp ler- broadened 19
F(p,aY) radiation.

LEVELS: 6.92:7.12

Table 1

Radiative widths in leO.

Transition
(MeV)

E2
6.92 —0

E2
6.92-6.06

El
7.12-0

El
7.12-6.0#

r«p(meV > 80*7 (23*4)x 10" 3 47*7 <3.2xl0
-4

M2
2.6 25 3x 10*4 <6.2xl0“

7

r
theor

(meV > 68 40xl0
-3

20:100 -
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<R EV. 7-1 4-44)
USCOMM-OC 26010-P64 PHOTONUCLEAR DATA SHEET 414

u.s. department of commerce
NATIONAL. BUREAU OF STANOAROS



"KF
- n. n. Kaushal, E. J. Winhold, P. F. Yergin, H. A. Medicus and

R. H. Augustson
Phys. Rev. 175 . 1330 (1963)

EL EM. SYM.

16

REF. NO.

63 Ka 1 HMG

reaction RESULT
EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

G.N ABX 50-35 C 55.35 T0F-D 10-35 67

(67.5)

NEUT ENGY SPEC

'.V-.
J *
. f jH4 :t

—=-

*

1

•

*
u.

( H** H
. . n

* « , .

.

1

• N 1

i

'*

1
*

• f

C Cm

)*••**.
i,

y*., ...

Zm

I
** *

I %

u,.
1 'i> ..

•4 a ir

1 ^
f

it'*,.
*' U ‘

“
rl

1

•

NEUTRON ENEMY, MsV

Fm. 6. Observed neutron spectra due to 55-85-MeV difference

photon spectre. The effective cross sections have been divided by

Fic. 7. Effective cross sections for production of fast neutrons
with energies greater than 10 MeV (solid circles) and 30 MeV
(open circles) by the 35-83-MeV photon difference spectrum. The
dashed curves are modified quasideuteron model predictions as
discussed in the text.

TabLx L Comparison of present cross-section values in mb
for production of nigh-energy photoneutrons by 55-85-MeV pho-
tons with measured cross sections r(y,Tn), in mb, for total
photoneutron production. The present cross-seedon values are
uncertain by 8 to 10% because of counting statistics and normali-
zation errors; in addition all values depend on an absolute normali-
zation in terms of the deuteron photodisintegration cross section,
which is known to about 10% at these energies.

Target

4r(i»,/iu)«7*

(£.>10 MeV)
[Present

experiment]

»(t,Th)

Jones and
Terwilliger* Costa et al>

Other
results

Li 0.75 1.0

Be 1.0 2.7 2-3 2-3*

B 1-0 1.4

C L5 1-3 1.4 2.4*

0 U 1.6

A1 IS 5-S 4.6 8*

S Z1 4.4 6-5*

Fe 4J2 16 12

Cu 4-3 20 19
Zn 4.4 15

In 7.4

Sn 7.0

Ta 10.7 95

T1 10.7

Pb 8-3 100

Bi 13

U 16 65

* Average cross sections between 55 and 85 MeV, u read from Fiat. 4
and 5 of Ref. 4.

* frMrd£ —J‘rmwJ£/SO, as taken from Fig. 4 of Ref. 5 and Table I of"
Ref. 6.

* S. Costa. L. Pasquaiiai, G. Piraginc, and L. Roasio, Nuovo Clmento
42. 806 (1966).

4 G. Bishop, S. Costa. S. Ferroni. R. Majvano. and G. Ricco. Nuevo
Clmento 42. 14S (1966).
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METHOO REF. NO.

68 Me 4 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

G,2N ABX THR-300 C 20-300 ACT-1 4P1

Table 1

Summary of integrated cross sections j^”** ad£(MeV • mb) for the reactions studied

Reaction/£nM(MeV) 65 105 145 215 295

"O (y. 2n)“0 0.42 ±0.02 0.57 ±0.04 0.56±0.05 0.63 ±0.09 1 . 29 ±0. 1

6

'•F(y, 2pn)“N 3.7 ±0.2 5.0 ±0.3 6.1 -0.5 S.4 ±1.0 13.6 ±1.5

"AlCy, 2pn) s‘Na 8.3 ±0.3 13.3 ±0.7 17.1 ±1.2 24.1 ±2.3 31.2 ±3.3“)

*1V(y, i)4,Sc 12.3 ±1.7 20.2 ±3.5 32.5 ±2.6 68.4 ±3.S 112 ±14

• lV(y. a3n)“Sc 0.7 ±0.2 6.0 ±0.9 12.2 ±1.3 34.1 ±4.1 91 ±11

») £n„ = 275 McV.

form N8S-418
IR EV. 7-1 »-«4)
USC OMM< O C 28310-PS4

Fig. 1. Yields (lower graph) and cross sections (upper graph) for the

“0(y, 2n)'*0 reaction. The solid lines represent the assumed yield and

cross section behavior at the lower energies. They are based on displaced

“S (y, np)’°P cross sections (sec text). The dashed lines show the cross

sections expected for quasi-dcutcron processes (curve A) and the sum of

the cross sections expected for quasi-dcutcron and pion emission

processes (curve D).
PHOTONUCLEAS 416
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elem. SYM. A Z

0 16 3

REF. NO,

68 St 1 egf

reaction RESULT EXCITATION
ENERGY

SOURCE ETECTOR
ANGLETYPE RANGE TYPE RANGE

G,P SPC 20-26 C 26 SCD-D 8-13 DST

Tadlb 1
26=25.6 MEV

KXrKUlMBNTM. ANOULAn DISTRIBUTION COKFnCXBNTn rOR THE REACTION '*0(y, p#)“N

In the form W(6) = A
^1

•+• 2 a, P,(Co8tf)

By
(MoV) “t "j

21 '00 (20-25-21-45) 0-04±0-07 -0-53±010
21-75 (21-45-22-00) 0-06±0-08 -0-68±0-10 -0-21 ±0-15
22-30 (21-45-22-90) 0-00 ±0-02 -0-65±0-02
23-10 (22-95-23-65) 0-12±0-02 -0-36±0-03
23-75 (23 -50-24 00) 0-14±0-06 -0-43±0-09
24-30 (23-70-25-60) 0-10±0-08 -0-58±0-I0

30 SO 70 90 110 130 ISO 170

Angle (degree*)

700

1

-

-i

500

- 400

53
300

200

-'i

:!

: \

\
,ii" 1

J l_

Fig. 1.—The spectrum of

photoprotons from oxygen at

90“ under bombardment by
25-6 MeV bremsatrahlung in

the reaction 1*0(y, p,)
uN.

This spectrum is the sum of

three independent measure-

ments.

\u,A

J I I L.
21 22 23 24

Excitation energy (MeV)

Fig. 2.—The measured

photoproton angular

distributions in the reaction

“©(y, p,)
uN and the fits to

them using the sum of Legendre

polynomials with coefficients as

given in Table 1. Note the

changes in the vertical scale.
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Z. Phys. 214 , 357 (1968)
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REF. NO.

68 St 2 egf

REACTION EXCITATION
ENERGY

OETECTOR

E,E/ LFT 6- 14 33- 60 MAG-D DST

Using electrons with up to 60 MeV energy, ten transitions in
leO have been studied

:

two £0 (6.05 and 1105 MeV), one £1 (13.10 MeV), four £2 (6.92, 9.85, 11.52 and

13.1 MeV), two A/2 (12.53 and 12.96 MeV) and one £3 (6.13 MeV). The cross sections

measured as a function of momentum transfer have been analyzed to yield transition

probabilities to the ground state and transition radii. The results are compared with

the theory of Brown and Green, and with the particle-hole calculations of Lewis and
Deforest. For levels at 11.08 and 13.67 MeV, upper limits for the transition probabi-

lities are given.

10 LEVELS 6.05-13.1 MEV

form N3S-418
IR EV. 7.1 4. 44)

USCOMM-NSS-OC

Fig. 2a und b. Longitudinale und transversale Ubergangsmatrixelemente (nur stati-

stische Fehler) aufgetragen uber dem Quadrat der Impulsubertragung (BA-Auswer-

tung). Eine Anpassung der angegebenen Funktionen an die MeOpunkte nacn der

Methode der kleinsten Fehlerquadrate liefert die durchgezogenen Kurven und die

Parameter in Tabelle 2. Die gestrichelten Kurvenzuge ftir die transversal elektrischen

Anteile wurden aus den zugehdrigen longitudinalen Anteiien unter Annahme der

Gultigkeit des Gleichheitszeichens in Formel (1) berechnet. Durch die gute Ober-

einstimmung mit den MeOpunkten wird diese Annahme fur die hier betrachtetea

£2-Ubergange bewiesen. Die Ergebnisse von Teilchen-Loch-Rechnungen (strich-

punktierte Kurven) werden im Text erlAutert

(over)
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3 6 Im

0.2 QJ ['m'1
]

12,05 M*V (0*)

6,05MeV(0‘)

0.2 q* [in'-1]

Fig. 2b

Tabelle 3. VergUich der gemessenen GrundzustandsubergangsM/ahrscheinlichkeitcn mil

den Ergcbnissen anderer Autoren. wurde mil den Werten von Tabelle 2 berechnet

(T~ proportional zn B(X, q— k)21J . Den 0+ - imd 2+-Zusranden liegt die D WBA-Auswer-

lung zugrunde. Die Weipkopfabschdtzung rw erfolgte mil jR0= 1,2fm • A+

1<sO-Niveau Ergebnisso dieser Arbeit Andere Autoren

ls£x [MeV] r?[evj n>rw r«[eV]

0
+ 6,05 3,66 ± 0,55* 3,80 +0.19* 7

12,05 4,40 + 0,44 1 — —
2
+ 6,92 0,093+ 0,0I0*> 3,02 0,055 +0,015 10

0,066 ±0,022 11

0,080 +0,007 12

9,85 0,010+ 0,004 0,06 0,020 ±0,010 13

0,0059± 0,0006 14

11,52 0,55 ±0,07 8 1,40 0,90 ±0,20 12

0,85 ±0,10 ls

0,66 ± 0,09 14

13,1 ~0,13 Si 0,17 0,6 ±0,34

1" 13,10 31 +8 0,033 150 16

83 17

23 ±4 ts

2~ 12,53 0,021+0,006 0,7 0,15 ±0,02 18

12,96 0,078± 0,016 2,3 —
3" 6,13 (2,3 ±1,1)-10-5 12 (2,63± 0^21)- 10

-5 *

? 11,08 <0,0l-/V(MI)
<0,2 -rw{M2)
<6 -rw(M2) 160-/V(Af3)w

1
+

13,67 <o,oi-rH,(A/i) 2,5- rw(M 3)-18

1 Monopolnaatrixelement ME in fm

2

.

8 Als Bestwerte fur r° soil fur das 6,92 MeV-Niveau (0,085+0,006) eV und fur das

11,52 MeV-Niveau (0,59+0,05) eV angegeben werden.

419



rttr

.

P. M. Tutakin
ELEM. STM. A Z

Yad. Fiz. 8, 661 (1968)

Sov. J. Nucl. Phys. 8, 383 (1969) 0 16 8

method REF. NO.

68 Tu 1 HMG

REACTION RESULT
EXCITATION
ENERGY

DETECTOR

JLl!
spc 21,22

(21.7, 22.2)

21,22 EMU-D DST

21=21.71. 22=22.16

Nuclear emulsions placed in HaO and monoenergetic y rays from the reaction T(p, y)He
4
have been

used to measure the angular distributions of photoprotons from the reaction O l8
(y, p)N

18
. The numbers

of photoproton tracks observed at dip angles /3 s 30° for emission-angle intervals 9 = 0 — 15°, 15—30°,

30-45°, 45-60°, 60-75°, and 75-90° are respectively 305, 172, 89, 40, 25, and 33 (Ey = 21.71 MeV)
and 4, 18, 25, 33, 51, and 69 (Ey = 22.16 MeV). The angular distributions obtained do not correspond

to the angular distribution of y rays for the inverse reaction N is

(p, y)O
ls [Wy = 1 + O.lPi - 0.6P Z].

U)

have studied the angular distribution of photo -

protons from the reaction 0 ls

(y, p)N
li

;
nuclear emul-

sions and monoenergetic y rays (Ey = 22.16 MeV) were
employed. As in our earlier work tl] the plates, in a

cassette with H 2O, were placed in the plane of the inci-

dent protons and the y rays emitted at 90°. The source

of > rays was the reaction T(p, >)He\ The track lengths

were converted to photoproton energy by means of an ,

experimentally determined range -energy relation:

log Eph.pr.(MeV) = -0.7147 + 0.5847 log L(m).
u1 The

photoproton energy spectra obtained are shown in the

figure. In the upper part are the results for Ey
= 22.16 MeV (E

p
= 3.228 MeV, dip angle Pm = 30°), and

in the lower part, the results for Ey = 21.71 MeV (Ep
= 2.622 MeV, fa = 15°). The cross-hatched peaks

correspond to photoprotons produced in the decay of

O 16 * to the ground state of N 15
. The angular distributions

of these photoprotons are shown by the solid curves in

the upper corner of each part of the figure. The dashed

curves are the angular distributions of y rays from the

inverse reaction N 15
(p, y)O

ia t3)
(F(<?) is the yield of p

or y in relative units per unit solid angle).

It can be seen from the figure that the angular dis-

tributions differ strongly. For Ey = 22.16 MeV the

angular distribution is characterized by preferential

emission of photoprotons at angles 9 near 90°, and for

Ey = 21.71 MeV it has a sharply expressed directivity

forward and backward.

l P. M. Tutakin, Yad. Fiz. 5, 1325 (1967) [Sov. J.

Nucl. Phys. 5, 946 (1967) j
.

2
P. M. Tutakin, Progr. i tez. dokl. XVin ezhegodn.

M

so

so

VO

JO

zo

10

0

wo

so

so

so

10

0
1 * s S to tz /* L.ph.pr.MeV

soveshch. po yadern. spektrosk. i strukt. atomn. yadra

(Program and Summary of Reports of the XVm Annual
Conference on Nuclear Spectroscopy and Nuclear Struc

ture), Nauka, Leningrad, 1968, pp. 132, 230.
3
N. W. Tanner, Nucl. Phys. 63, 383 (1965).
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ELEM. SYM.

16

METHOD REF. NO.

68 WU 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

G,N ABX THR-40 C 20-40 TOF-D 2-25 90

Uk.

FIG. 2. The observed 0 16
(y, a^O 15 differential cross

section at 90° compared with the 0 16
(y,Po)N

15 data.

The (y,p^ results are indicated by solid dots between

19 and 21 MeV and by a thin line elsewhere; Morri-
son’s data (Ref. 15) are used between 17 and 22 MeV
and between 25 and 32 MeV, In the region 22-25 MeV
the (y,p<) data deduced from the N 15(p,yj)Ou work of

Tanner, Thomas, and Earle (Ref. 13) are used. The
cross-hatched region indicates the error on a

0
/a,

due to statistics; The absolute 014
(y, n^O 15 cross sec-

tion has a systematic uncertainty of 10 % which is not

included in the above diagrams.
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69 Ba 2 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P ABX 20-30 C 26,31 SCD-D 8-18 DST

*o( r ,p.)

• ' to*

bl<3 .

*"*V\*/

.A .

i

*

, i

(HltltlM C»«rfr (M«V)

Fig. 2(a). “0(*/, p0). Differential cross section at 20s.

t
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t i

t i
»t\
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V
j | L

. **

CitititiM iu>n (*«v)

Fig. 2(b). ltO(y, p,). Differential croc* section at 45*.
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Fig. 2(c). “0(y, p0 ). Differential cross section at 60*.

Fig. 2(d). “0(y, po). Differential cross section at 90°.
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METHOD REF. NO.

[Page 3 of 5] 69 Ba 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

o<r . >.»

» • l»B*

-s 01 -

a
E

*—

k*-** /— .

,
*

*
’ v*..

».
Tv

. I

CacitatiM Caarfv <MaV)

Fig. 2(e). l*0(y, po). Differential cross section st 120*.

Fig. 2(0* “0(y, po). Differential cross section st 135°.

Fig. 2(g). “0(y, po). Differential cross lection at 160*.

form N8S-418
(REV. 7-1 4-841
USCSMU-OC 28010.P84 PHOTONUCLEAR DATA SHEET 424

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OP JTANOAflOJ



I
.

«

laik/ll)

Page 4 of 5
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Fig. 4. Angular distribution for ’*0
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Fig. 5. Angular distribution for 14
0(y, p0). Legendre coefficients a2 =» A 2/A0 and <u ” AJA0.
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N. Bezic, D. Brajnik, D. Jamnik and G. Kernel
Nucl. Phys. A128 . 426 (1969)

ELEM. SYM. A

16

REF. NO.

69 Be 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,MU-T ABX 10-30 c 35 MGC-D 10-30 4PI

/ o

9

Fig. 3. The nuclear part of the photo-absorption cross section for ltO compared to the theory **)

and to the (y, n) and (y, p) cross sections “> u
). An estimated error of the zero line position is ± 1 .0 mb.

Table 1

Weighted energy-integrated total photonuclear cross sections

^Int

(mb • MeV)
ffmi <T-»

(mb)
ff-i v-,

(mb • MeV-1
)

T-.

60(NZ/A)
(mb • MeV)

0.30A1 mb 3.5 A»
(/ib • MeV- 1

)

llc 133 ± 13 0.74 ±0.07 5.4±0.6 0.65 ±0.07 0.23 ±0.03 1.04 ±0.1

5

UN 195 = 37 0.93 ±0.08 8.4± 1.7 0.83 ±0.20 0.36±0.08 1.28 ±0.29
'•O 171 ±17 0.71 ±0.07 7.2 ±0.8 0.60±0.07 0.31 ±0.04 0.87 ±0.11
l,F 271 ±50 0.94±0. 17 14.1 ±2.7 0.82±0.19 0.74±0.17 1.60 ±0.35
“Si 360±30 0.86±0.07 17.5 ±1.7 0.68 ±0.07 0.83 ±0.10 0.93 ±0.11
MCa 580±60 0.96 ±0.10 29 ±3 0.71 ±0.08 1.5 ±0.2 0.92±0.12

22 B.C. Cook, J.E.E. Baglin, J.N. The interval of integration is 10-30 MeV.

Bradford and J.E. Griffin, Phys. Rev.

142,(1966) 712.
2J

R.C. Morrison, J.R. Steward and J.

S. O'Connell, Phys. Rev. Lett. J^,
(1965) 367.

‘ 24
B. Buck and A. D. Hill, Nucl. Phys.

A95 (1967) 271. JTONUCLEAR DATA SHEET 427
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G. W. Cole Jr., F. W. K. Firk and T. W. Phillips

Phys. Letters 30B , 91 (1969)
16

METHOO

69 Co 3 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLETYPE NANCE TYPE NANCE

$ G,N NOX 20-33 C 30,60 T0F-D 4-16 DST

N POLARIZATION

Table 1

Values of the polarization of photoneutrons from *®0 at
45°. The energies correspond to those at which the

values of P2 are known. Estimates of the ratio a
8
/a

(j
are also listed.

Exc.

Energy in laO
(MeV)

IGq

Pol. at 45°

P\
«s
ad

22.17 0.133 a 0.024 0.23 a 0.05 0 23
*° 06

v
-0.04

22.31 0.092 a 0.025 0.28 a 0.10 0.25
*'-33
-0 . 0G

23.06 0.020 1 0.040 0.04 a 0.08 ~ 0.1

*

23.27 0.108 a 0.037 0.19 a 0.07 0 .
20*5 '05

' - 0.05

23.45 0.088 a 0.036 0.09 a 0.04

23.68 0.043 A 0.035 0.08 a 0.07 -S3
24.47 0.050 a 0.025 0.29 a 0.25 —3i
24.70 - 0.021 a 0.028 0.08 a 0.14 l ©

24.90 - 0.037 a 0.032 0.07 a 0.09 -33
Fig. 2.

(a) Measurements of the analysing power of 12c (Pn)

for neutrons from 4 to 16 MeV, at a 50° scattering
angic(8).
(b) I\ Pz. the product of the lsO photoneutron polari-

zation and the 12c analysing power, for a reaction
angle of 45°. The error bars reflect only the statistical

uncertainty. ( ^ indicates £_ = 30 MeV. f indicates

EyQ - 60 MeV). ^
(c) P^P

2
for a reaction angle of 90°, where for pure El

transitions P\ should be identically zero at all energies.
(t'y0 GO MeV).

|_over
j
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Neutron Enera* (MaV)

Chafinal Number

Fig. X. Observed spectra of leO photoneutrons scattered a 50° from the 12C analycer, (or a reaction angle ol 45°

( A Indicates left-hand side yield, * SC°). Measured background have been subtracted.

The innet shows the placement of the bremsstrahluag target, the oxygen target and the polarisation analyser.
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D. E. Frederick, R. J. J. Stewart, and R. C.

Phys. R£v. .186, 992 (1969)

METHOD

Morrison
16

REF. MO.

69 Fr 1 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLETYPE RANGE TYPE RANGE

G,P ABX 12-33 c 12-33 SCD-D DST

(12.1) (12.1)

2J 2<t 25 26 27 ' 2a

photon energy (m.vi
52 33

F:c. 3. The 0“(*/. pa) X1* total cross section obtained with

bremsstrnhlung of £0=33.1 MeV, assuming 100% ground-state

transitions.

PHOTON ENERGY (MeV)

!
;
ic. 6. The ground-state £2 cross section extracted from the

3iu using lit). (4). The errors shown reflect the statistical errors
nn:y of and /lj, with a 10% uncertainty assumed in Eq. (4)
iur »(£!),

cr(£2)/(r(£l)«(5.69.4t5+6.65.4 3
:4-7.70Mirl J)/22.9,

(4)

Taule I. Comparison of resonances observed in 0“ above 20
MeV (peak energies in MeV).

This work

(7, ?)

Cook el a!.*

(7, «)

Bramblett
etal>

(7. >0

Tanner
el al.*

(Pi 7«)

Morrison4

(7, p)

20. S9 21.0 20.

S

21.0 20.7
21.7 21.3 21.7

22.20 22.26 22.1 07 0 22.3
23.03 23.15 23.1 23.0 23.0
24.23 24.1 24.0 24.3 24.3
24.99 24.9 25.0 25.2 25.0
125.42) 25.55 25.5
26.37 26.3$ 26.2 26.3

27.45 27.3 27.4
23.55 28.9
29.6

30.651

•31.15 31.4
3 1 . 65 j

* Reference IS.

b Reference 16.

' Reference 17.
4 Reference 14.

Fig. 4. (a) The angular distribution cocflicicnts At, /It, Ai.

Ai and -4» are plotted at SO- and 150-kcV intervals, respectively,

(b) The angular distribution cocflicicnts /lj and .4*, with A»
included for comparison. .4j is plotted in S0-lteV steps and At
at 400-keV intervals.

14 R. C. Morrison, Ph.D. thesis, Yale University, 1965 (un-

published) .

u 3. C. Cook, J. E. E. Bagiin, J. X. Bradford, and T. E. Griffen,
Phys. Rev. 143, 712 (1966)'.

“ R- L. Bramblett, J. T. Caldwell, R. R. Harvey, and S. C.
Fultz, Phys. Rev. 133, B869 (1964).

17 N. W. Tanner, G. C. Thomas, and E. D. Earle, Xucl. Phys.
51, 45 (1964). jmmerce

NATIONAL 3UREAUOF STANOAROS
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ELEM. SYM. A

16

METMOO

69 Iv 1 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE oetector
ANGLETYPE RANGE TYPE RANGE

G,N RLX 16-22 C 16-30 ACT-

I

experimental data.

Resonances in the 1-6Q(7,n)^ 50 Reaction

0« r work Raf. 3 Ra f . 4

4, a rb . aa

•

4, ark.aa.

1 C ,

2

5.5 16,1 3,2
17,21 30 17,30 26,5 17,1 21,8
18,44 16 19,00 16,1 19,0 18
19,53 38 19,56 14,8 19,3 18— — 20,2 0.5 — —
20,75 27 21,0 20 20,8 21,8
21J2 100 21,7 100 21,8 100

3
B. S. Cook, J. E. E. Baglin, J. N. Bradford & J. E. Griffin,
Phys. Rev. 143, 712 (1966).

4
R.L. Bramblett, J.T. Caldwell, R.R. Harvey & S. C. Fultz,
Ibid. 133B . 869 (1964).
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N. K. Keller, J. K. P. Lee and D.

Can. J. Phys. 42, 611 (1969)

METHOD

B. McConnell
16

69 Ke 3 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANCLETYPE RANGE TYPE RANGE

G,P SPC 16-26 C 26 SCD- D 4- 14 90

(26.5) (26.5)

Fig. 4. Photoproton yield from 160(y, p)
,5N reaction at 90°. The proton energy is the true energy given by the

detector, not corrected for losses in the target.

form NBS-418
IR EV. 7-1 4.441
U3C OMM-OC 24010-064 PHOTONUCLEAR DATA SHEET 432

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF 3TANOAROS



T. A. Khan, J. S. Hewitt, K. G. McNeill

Can. J. Phys. j^7 ,
1037 ( 1969 )

ELEM. SYM.

16

METHOD

69 Kh 1 hmg

reaction RESULT
excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYRE RANGE tyre range

G,N ABX 16-33 C 22-33 TOF-D 1-14 98

(.3)

TABLE 1

Measured- values of ihc phoion absorption cross section In “O at the 22.3 MeV peak for neutron (or proton) transi-

tions to the ground state of l50 (or
l5 N)

Authors Method
Resolution

(keV)
Angle
0 (deg)

Differential

cross section

(do/dfl).

(mb/sr)

Integral

cross seel inn

)..(d<7/dllKiil

(mb)

Present result*
,40(y.n0 )

TFt spectrum
100 98 1 .00x0.05 —

Wu et al.* (1968) '*O(Y,n0 )

TF spectrum
100 90 1.05 + 0.05 —

Verbinski and
Courtney (1965) “O(Y.n 0)

TF spectrum
100 93 0.69x0.01 —

Caldwell et at.

(1965) “0(Y,n0 )

Yield trom
monochromatic

gammas

200 4n-intcgratcd — 7.0 + 0 l

Gcllcr and
Muirhead (1963)

,60(y.n)
B; yield curves

140 4n-intcgratcd — 12.8±i.5

Earle and Tanner
(1967)

l3
N(p,Yo)

+ detailed balance
30 Many I.0±0.25

(at 90 )

11.8x2.5

Morrison* (1966) “CXy.p)
UJ

80 90 1.0 + 0.15' —

Cook et at. (1966)
16CXy,n)

B1 yield curves
4x-integrated — 19.5

•Obtained relative to the a H(Y.n)'H cross section.

Tl nnc-ot-niyhi.
;iircmsst rah lung.
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K. M. Murray and J. C. Ritter
Phys. Rev. 182 . 1097 (1969) 16

69 Mu 1 HMG

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,NG SPC 16-30 C 21-30 SCD-D 90

G ,PG SPC 12-30 C 21-30 SCD-D 90

GAMMA SPECTRUM
y rays resulting from the decay of excited states in 0“ and N“ have been observed when these states

were produced from (y, n) and (y, p) reactions on O'*. Bremsstrahlung from the Naval Research
I-aboratory’s 60-MeV Electron Linac was used as a source of x rays to produce the photonuclear reactions

leading to N1** and Ou*. The 5-MeV positive-parity quadruplet resulting from the above-described reactions

was resolved into its four separate components and the width of each component was observed. Limits
on lifetimes for all of the observed transitions were determined from the Doppler broadening of these lines.

The J
+ states at 5.240 MeV in O'* and at 5.270 MeV in N*‘ were observed to have lifetimes considerably

greater than 10-11 sec. All other observed transitions showed lifetimes short compared to 10
-

' 1 sec. It was
also observed that the branching ratio of the 9.223-MeV level in N 1* to the state at 5.299 MeV could
not be greater than ~50%.

0160 25MW
CHANNEL IOS3 TO 1972

<00
,

I

ENERGY IN MV

Fio. 7. See caption of Fig. 6.

KlO. 12. Details in the region of the 5-MeV positive-parity group
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P. C. Nagle, E. J. Wlnhold, P. F. Yergin, P. Stoler and

S. J. Mecca
Nucl. Phys. A 127 . 669 (1969)

16

Rep. no.

69 Na 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANCLETYPE RANGE TYPE RANGE

G, N ABX 35-65 C 35-65 TOF-D 16-55 68

Fig. 2. The "0(y, n) cross sections, a) 67.5
:

difTcrential cross section to the ground state of ’*0

(present work). The solid curve represents the 90 ;
differential cross section obtained by Wu ei al. *).

b) Upper limit 67.

5

C
differential cross section to the 6.16 MeV excited state of uO.

Fig. 3. The data bars are the sum of the !,0(;\ n) differential cross sections leaving ,sO in the ground

and 6.16 MeV excited states multiplied b> a factor of 10. The solid curve is due to Cook el al. ')
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T. Shintomi and M. Masuda

J. Phys. Soc. Japan 26, 607 (1969)

tL CM. STM.

0

A

16

L

8

dETHOO

[Page 1 of 2]

REF. NO.

69 Sh 3 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
angle

TYPE RANGE TYPE RANGE

G,P RLX 12-27 C 23,27 EMU-D 1-15 DST

—1 1 I I I I I I I I I ! L_
14 15 16 17 18 19 20 21 22 23 24 25 26

EXCITATION ENERGY (MeV)

Fig. 2(a). Energy distribution of emitted protons from the 0“(r> P) reaction by the 23 MeV irradia^

tion. Excitation energy is calculated assuming the ground state transitions from 0“ to NIS
.

posm HBS-418
(Rev. 7-i
UICOMM.OC 2001 0.P04

436

14 15 16 17 18 19 20 21 22 23 24 25 26 27
EXCITATION ENERGY (MeV)

Fig. 2(b). Fnergy distribution of emitted protons from the O l4
(r. P) reaction by the 27 MeV irradiation
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|
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16

METHOD

[Page 2 of 2] 69 Sh 3 hmg

RESULT EXCITATION SOURCE OETECTOR
REACTION ENERGY TYPE RANGE TYPE RANGE

ANGLE

1 76-85 M.v

isIlE.^O’M.VI 15-

1 'I'
'°[ i 1 I

, f f (

10-

o, I
l 1 1

! 05
f

9.9-10 6
<E,*230M*/I

90 90 180

Fig. 4. Angular distributions of emitted protons

for each peak appeared in Fig. 3(a); Fig. 4(a) and

4(b) show the angular distributions with the 23

MeV and the 27 MeV irradiations respectively.
4* (a)

Table I. The branching ratios.of the 22.2 MeV and the 24.6 MeV states.

The 22.2 MeV i

state

Present

(r./>)

Milone*'

(r. P)

' Morrison**'

, (r. p)

Yergin**'

(r. n)

1 Caldwell**'

1
(r. «)

theory**'

(r.'p

)

the ground state 47% 85% 52% 67% 84% 58%
the doublet 2 10

!
<5 33 <1 0

the third excited 51 3 43 0 16 42
state

i

j

The 24.6 MeV
siate

the ground state i 61 41 52 53
i

30

the doublet 8 12 <5 21 0
the third excited 31 14 43 26 70
state

i

Table II. Fractional strength of the yield of the

present experiment and the theory.

Energy (MeV) present
|

Brown et atul

17.4 10£ 1%

19.2 10 0

20.8 8 11

22.2 29 37

23.0 11 0

24.6 32 40
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Walker
Phys. Rev. Letters 23, 1117 (1969)

CL CM . SYM. A

16

MCTHOO REF. NO.

69 Si 2 egf

REACTION RESULT
EXCITATION
ENERGY

OETECTOR

FMF 10-30 100-400 MAG-D 70-400 DST

FIG. 2. Form factors

da/dO.F2
{q)-

[47rCTMott <3 + tan2
i0)l

for the 14- and 18-MeV complexes. The solid curves
are for 0 = 135% the scattering angle in the present ex-
periment except at 191 and 219 MeV/c where 0 = 145%
The dashed curve is for 0 = 180* to compare with the

data below 120 MeV/c, Longitudinal contributions are
relatively small for both complexes. The calculated

curves for the 14-MeV complex have been reduced in

amplitude by 1.7, the 18-MeV complex by 1.4.

FIG. 3. Form factors as for Fig. 2. (a) 20-MeV re-

gion for 0 = 135* (the longitudinal contributions are, In

fact, small). Only the lower curve for the 1“ and 2“

states has been reduced in amplitude (by 1.4). The
comparison there is for data at about 20.4 McV.
(b) Giant resonance region. The dotted curve Is the

quasielastic contribution and the dashed curve is the

form factor for the discrete levels, both curves for 0

= 135*. The solid curves are the total. Data below 120 ________________________
MeV/c are at 0 = 180*; the rest are at 135* except for

the point at 219 MeV/c which, having 0 = 145*, lies rel- JCLEAR DATA SHEET 438
atlvely lower.
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R. J. J. Stewart:, R. C. Morrison, D. E.

Phys. Rev. Letters 2^, 323 (1969)

MtTMOO

Frederick
16

69 St 1 egf

REACTION RESULT
excitation
ENERGY

SOURCE OETECTOR
ANCLE

TYPE RANGE TYPE RANGE

G,P ABX 21-33 c 33 SCD-D 10-20 DST

FIG. 2. The ground-state £2 cross section extracted

from the data using Eq. (4). The errors shown reflect

the statistical errors only of A
x
and A

z , with a 10 % un-

certainty assumed in Eq. (4) for c(£ 1).

FIG. 1. The angular distribution coefficients A
t

through The total cross section C

A

0 ) is also shown
for comparison. Errors shown are statistical only.

The solid lines are least-squares—smoothed fits to the

data.
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ncr.

Y. Torizuka, M. Oyaraada, K. Nakahara, K. Sugiyama, Y. Kojiraa,

C.L C.M . J fM, L

T. Terasawa, K. It oh, A. Yamaguchi, M. Kimura n 16 3
Phys. R.ev. Letters 22, 544 (1969)

method REF. NO.

69 To 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
angle

TYPE RANGE TYPE RANGE

E.E/ FMF 7 D 183.250 MAG-D 150-250 DST

7=7.12 MEV

65—“oT
CHANNEL NUMBER

FIG. I. Energy spectra of scatterco electrons.
(a) Carbon, £

0 = 25O McV,0 = 85\ The dashed lines are
assumed to reproduce the 4.43-McV peak shape for the
9.63-MeV peak, (b) Beryllium oxide, £

0 = 183 MeV,9
= 75’. The crosses indicate the energy spectrum ob-
tained for beryllium target. The 7-MeV peak was de-
composed into two components by using shapes of other
peaks

.

[over
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IFI*

id*

(a)

• E.* I83M«V
o 230M«V

r; T- I IR.PAI

b • 164 F
_l_
10

q(F-)

i

zo

FIG. 2. Experimental and theoretical form [actors squared, (a) The 10.8-MeV (1~;T =0) level of lJC and (b) the

7.12-McV (1
—
;T — 0) level of

leO. The dashed and solid curves in (b) are theoretical Coulomb and sum of Coulomb
and transverse form factors for £„= 183 MeV, respectively, which have been calculated by Seaborn and Eisenbcrg

(Ref. 2) in the lp- lh model. They arc multiplied by 3 in the figure. The dotted curves are E 1 AT = 1 form factors

calculated using random-phase-approximation wave functions of Gillet and N. Vinh Mau [Nucl. Phys. S£, 321 (1964)1
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REF.
H. Ullrich and H. Krauth
Nuc 1 . Phys. A123, 64 1 (1969)

ELEM. SYM.

0 16

REF. NO.

69 U1 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLETYPE RANGE TYPE RANGE

G ,PG AEY THR-32 C 32 SCD-D 5-11 120

G ,NG ABY THR-32 C 32 SCD-D 5-11 120

Fig. 1. Spectrum ofy-rays from the oxygen target in the 5-8 MeV range. The positions of some level*

in the residual nuclei l‘N and **0, as well as that of the 7.64 MeV level in "Fe, are marked by arrows.

The energy scale corresponds to double-escape peaks. Level positions corresponding to a single-

escape peak and to full-energy peaks are labelled by (SE) and (FE), respectively.

Fig. 2. Spectrum of de-excitation y-rays from l,N levels near particle threshold.

[over
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Final stale

(MeV)

TaBL£ 1

Observed yields from the “0(y, pr/) and

‘*
*0(y, try') reactions

J* One-hole

configuration

Parent state Yield Threshold

in l,0(MeV) (MeV)
(10‘/mol-R) (MeV mb)

‘0 5.18

h*
0.27 1.7 20.9

•N 5.30 l
17.4

‘0 5.24

)

(p*)~‘ 3* 6.14
1.0*) 6‘) 20.9

*N 5.28 17.4

‘0 6.18

1

» (Pi
)- 1 oo

1.3 8 21.9

‘N 6.32 3.5 “) 22 ») 18.4

•N 8.31 i* 0.05 0.3 20.4

•N 9.05 i
+ •0.07 ') 0.45 ') 21.2

»N 9.22 i
+ 0.5 o- 11

) 3 «•") 21.3

*N 9.93 i* 0.11 «•) 0.7 «••) 22.0

•N 10.7 -V

}

0.3 «)
1.9 ') 22.8

‘N 10.8 1 22.9

*) Cascade transitions from the 9.22 MeV level have been subtracted. Contributions from “O 6.86

MeV, 7.28 MeV, and “N 7.15 MeV, 7.56 MeV cascade transitions cannot be excluded.

°) Reference reaction. Value taken from refs. 1 and 6.

°) Error = 50 %.
*) Includes possible small contributions from the 9.16 MeV level in “N.
«) Assuming rlojr70 = 3 [sef. *)J.

443



BEF
- J. Ahrens, H. Borchert

,
K.-H. Czock, D.

Phys. Letters 2IB, 570 (1970)

METHOO

Mehlig and B. Ziegler |

ELEM. SVM.

0

;

REE. no.

16

z

3

70 Ah 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G - G ABX 15-80 £ 108 NAI-D 5-75 135

Fig. 1. Pulse height distribution for *2c and 1(>0. The
simultaneousiy measured neutron background distribu-
tion is subtracted. The 15.11 MeV line in the oxygen
distribution is the deexcitation of the 15.11 MeV level
in 12c, populated by l 60(y,a )12c [7]. Lines below
10 MeV are "/-transitions in the daughter nuclei fol-
lowing (y, n) or (y.p) reactions. The heavy is cal-
culated with the assumptions given in the text and with
resonance parameters adjusted to give a good fit to the

measured distribution.

Fig. 2. The full line is the total absorption cross sec-
tion CT

tot calculated from the imaginary part of the scat-
tering amplitude. The points are taken from total ab-
sorption measurements (3). Since particle threshold
effects are not built into the scattering amplitude, agree-
ment between the calculated and measured cross section

cannot be expected in the threshold regions.

Table 1

Resonance energies (MeV) for the eleme nts investigated.

Carbon 22.5 i 0.3 25.3*0.4 29.5*0.6 45 *3

Oxygen 22.5 1.0.3 25.2*0.3 31.3*0.6 50 *3
Magnesium 10.3 i 0.3 19.1*0.3 24.7*0.5 34 *2
Silicon 17.3*0.3 19.3*0.3 21.2*0.4 23.5*1.0

Calcium 19,5.1.0.3 24.4 * 0.5 35 *2
Silver 15.3 * 0.3

FORM N8S-418
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A. R. Barnett and N. W. Tanner

Nucl. Phys. A152 . 257 (1970)
CL CM . SYM.

16

Rep. no.

70 Ba 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G ABY 16-24 d 4-13 NAI-D 10-24 90

00•
cv1

r—4

•

Table 1

'’Nfp.y,) 1 '© and l5N(p.y, +y,)'*0 resonance*

Data in Table 1 based on
isotropic angular distri-

bution and Breit-Wigner
single level expression.

1
)N.W. Tanner, G.C. Thomas

and E.D. Earle, Nucl. Phys.

(1964) 45.
°)D.H. Wilkinson in Nuclear
spectroscopy, part B, ed.

F. Ajzenberg-Selove (Acade-

mic Press, New York 1966)

£...(MeV) /YkeV) f,(MeV) Af|, x 10*

Yq resonances

4.38 ±0.02 2 40 16.23 u *) < 7

5.35 ±0.02 80 17.14 19 9
5.49 ±0.02 120 17.27 74 33
7.33 ±0.03 260 19.00 38 13

7.84 ±0.03 350 19.48 59 19

9.3 ±0.1 700 20.9 170 42

10.7 ±0.1 700 22.1 870 220
11.50 ±0.05 350 22.91 120 27

yi+yj resonance*

(4.28 ±0.02) (^50)
(4.38 ±0.02) (^50)
(5.35 ±0.02) (£50)
6.32 ±0.02 S60 18.05 £ 5 £ 6

7.33 ±0.02 g40 19.00 3 £ 3

7.60±0.03 100 19.25 1.5 1.5

8.30±0.02 75 19.91 8 7

8.83 ±0.02 150 20.40 47 33

11.3 ±0.1 400 22.7 27 14

*) Since for this state there is a better estimate ') of (27

±

1)rjT = 3 x 16, 22 = 2.09, we should

adjust this value to 8 eV.
b
) For y0 we assume (27+i )rjr == 1.5; for yi+yj wt: assume (27— 1 )/%. T' s 2.5. The El

Weisskopf unit is
6
) rtl = 0.43 £ 3 eV, transition strengths in terms of the Ml unit are given

by ref. «), A/* = 20 A

.

Fig. 2. Yield curves for the (p,y0) and (p,;’i + ;'j) reactions on '*N taken simultaneously. The upper

curve lias the same proton energy scale as the lower curse; also indicated is the excitation energy in

'*0. The ls Nj gas target thickness was 50 keV and below 9 SteV the yield was measured at < 50

keV intervals; above 9 McV the intervals were 100 keV. The proton energy is that at the centre of

the target and is accurate to ± 10 keV. No correction has been made for the relative efficiency change

with energy. Note the complete dissimilarity of the two yield curves. 445
U.S. (DEPARTMENT OF COMMERCE

NATIONAL BUREAU OF 5TANOARDS



J. C. Bergstrom, W. Bertozzi, S. Kowalski, X. K. Maruyama,

J. W. Lightbody, Jr., S. P. Fivozinsky, and S. Penner
Phys. Rev. Letters 24 ,

152 (1970)

C. L. . J M

0 16

METHOO REF. NO.

70 Be 1 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
angle

TYPE RANGE TYPE RANGE

E.E/ FMF 6-8 D 51-105 MAG-D DST

(6.05-7.12) (110,145)

FIG. 2. (a) Form factor for the 3“ (6.131-MeV) state

in O 1*. The solid line is the form factor of Glllet and
Melkanoff (Ref. 4) . (b) Form factor for the 1~ (7.115-
MeV) state. The solid line represents a simple shell-
model form factor, multiplied by 3.6 (see text).

^V. Gillet and M. A. Melkanoff,
Phys. Rev. JJ2, VI 190 (1964).

6 .05 . 6 . 13 . 6 .91 . 7.12

FTG. 3. (a) Form factor for the 0* (6.052-MeV)
state. Curves 3 and 4 are the predictions of E. Boeker,
Phys. Letters 24B, 616 (1967), using a deformed and
spherical basis, respectively. Curves V and 2 are the
predictions of the two-component model (see text) in

which the 2
*
(6.916-MeV) ground-state radiative width

was taken as 0.096 and 0.080 eV, respectively.

(b) Form factor for the 2
*
(6.916-MeV) state. The

solid curves are the predictions of the two-component
model, as in (a).
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REF
- P. Filss, W. Collin, S. Guldbakke, K. Kayser, H. Reich,

J.O. Trier, W. Witschel

Z. Phvsik 239 . 461 (1970)

ELEM. SYM.

16

METHOD REF. NO.

!
70 Fi 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABX 16-34 C 15-120 ACT-

1

4PI

G,2N ABX 30-115 c 30- 120 ACT-

I

4PI

Fi*. 1. a Verlauf der Ausbeutefunktion fur die Reaktion ,4
0(7, jt)

1sO. b Durch
Entfaltung mil dem Schiffspektrum gewonnener Wirkungsqucnchnitt

Photonuclear Reactions in Oxygen and their Use for the Control

of Energy and Photon Spectrum at Electron Accelerator!

The yields of the photonuclear reactions wO(y, *) and l*0(y, 2») are measured
with a newly constructed device for fluid samples. The well known structures of the

(y, n) cross section are used for the energy calibration of our accelerator. Though the

yield should be strongly dependent on small changes of the bremsspectrum no difference

was found, using a thin or a thick target. The conclusion is, that also the thick target

is in its effect a thin target under the accelerator conditions. The (y, 2it) cross section

is measured for the first time between threshold and 120 MeV. It is unusually mat
compared to the (y, n) cross section.

[over
FORM N8S-4 18
(R EV. 7-1 4-641
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aaanunnauuMt
Fit- 2. WirkunpquenchniUv-Spektrum der Reaction '*0(7. a) l*0. a Experima-
tefles Spektrum nacb Bnmblett u.a.'°; b nut dem Schiffspekmim emfaheter WJr.

kuapqumchnirt tut einer Aunbeutekurve, die web bei einer 0,3 MeV dickat Anti-

kaihode meben *Hrde; e detgj., jedoch »uj enter Ausbeutekun’e, die wch bd einer

1,3 MeV dicken Antikathode ergeben wOrde

Ft*. 3. • VerUu/ der Ausbeutefunktioo fOr die Reaktton ’*0(7, 2»)t40. b Dirch
Eni/aitung mit dem Schifftpektnun gewonnener Wirirunft^ i»nr timn

448



A. Goldraann and M. Stroetzel
Phys. Letters J^LB, 287 (1970)

tu &M . jfM.

16

methoo REF. NO.

70 Go I egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ LFT 19,20 D 46,54 MAG-D 26-54 DST

r ( 19.04) 1.5 ± 0.3 eV

f (20.36) 2.9 ± 1.0 eV

J
n = 2

= 2

19.04. 20.36 MEV

Counts

H c

40

o
if)
CO

II

<D

20

0

18 20 22 24 26

Fig. 1. Spectra of electrons scattered inelastically from 180 at primary energy 45.6 MeV, scattering angle 81°

(lower part) and 54.3 MeV, 165° (upper part), after subtraction of the elastic radiation tall; Ex » excitation energy.
The energy resolution at 20 MeV is about 125 keV (lower spectrum) and 150 keV (upper spectrum).

Courts

15

GO
II

<X>

10

as
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Fig. 5. Longitudinale und transversale reduaerte (jbergangsmatrixelemente in Ab-
hangjgkeit vom Quadrat des Impulsubcrtrags fur den Bereich der Riesenresonanz
zwischen 21,4 und 26,0 MeV. Voile Kreise (•): diese Arbeit. Die anderen Werte
wurden bestimmt aus 5 (o) und 6 (o), sowie 22

(») und 31
(*). Kurven: Rechnung

nachM-40
fur zwei 1~(7’=

1 )-Zustdnde bei Ez= 22,26 Me'V (
), Ex= 26,1 3 MeV

{•———) und Summe ( ). Longitudinales Matrixelement mit Falctor 0,30
angepaOt, s. Text

(over)
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NATIONAL BUREAU OF STANDARCS
V SHEET 450



Fig. 3. Spektren der

unter 129* gestreuten

Elektronen im Be*

reich der 140-Riesen-

resonanz. Der be*

rechnete Strahlungs-

schwanz und die

Untergrundbeitrage

wurden subtrahiert.

Die gestrichelte Lime
gibt die Anderung
der Nullinie bei einer

wiiikurlichen Ande-

rung des Strahlungs-

schuanzes um -r5%
an. Alle Spektren »ind

auf gleiche c lattiache

Fttche/t £=3,86- 10*

MeV/iiAs norm.cn

Fig. 4. Spektren der

unier 165’ gestreuten

Elektronen. Der be-

rechr.ete Strahiungs-

schwanz und die

Untergrundbeitrage

wurden subtrahiert.

Die gestrichelte Linie

gibt die Anderung der

Nullinie bet einer

wiiikurlichen Ande-
rung des Strahlungs-

schwanzes um + 10%
an. Die Spektren sind

aul gleiche elastische

Flache A t
= 3,86 • 104

MeV/jiAs normiert

ZaM
(j As

60

40

20

0

r i i i
—

i'
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REF
- Y. S. Horowitz, D, B. McConnell, J. Ssengaoi, N. Keller

Nucl . Phys. A151. 161 (1970)
1

!

j

1

ELEM. SYM.

0

A

16

z

8

METHOO
i

1

1

REF. NO.

70 Ho 1 egf

REACTION
1

result EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE RANGE

G,PG RLY 17-27 C 27,36 SCD-D 2-9 DST

G,NG RLY 21-27 c 27,36 SCD-D 2-9 DST

1

Table 1

a P ( CO S0 )
Relative intensities ofy-ray transitions observed at £,

= 36 MeV
1* 1

* ' ' ....... - -- -

Nucleus y-ray transition Relative intensities

(MeV) (arbitrary units)

15N 3.27-0 20 ±2.6
15N 3.30-0 8.0 ±1.3
,3N 6.32-0 100 ±2.8
l5N, 150 7.30-0 *)

6.79-0
,5N 8.31-0 2.0 ±0.4 *)

13N 9.06-0 1.9 ±0.5
I3N 9.22-0 3.6±0.5
13N 3.92-0 13 ±2.4
,5o 5.19-0 8.0±1.2
13o 5.24-0 9.9 ±1.4
,3o 6.18-0 39 ±1.3
,30 6.86-0 7.8 ±2.7

*) The 7.30 MeV SE peak is impossible to resolve from the 6.79 MeV full-energy peak.
b
) Assuming r.o contribution from the 7.30 MeV full-energy peak.

Table 2

Comparison of present measurement with the 90* cross-section data of Caldwell et al. **)

Nucleus Transition
("27.0 MeV d*(£r) da

\

J 111 d£
y

dO i

90 '

Present
c
f measurement

no. of events no. of events
l5N 6.323-0 1870±390 2640 ±550

13N 5.270-0 *)

5.299-0 590 ±160 945 ±155

,sO 6.180-0 425 ± 90 335± 105

*) These transitions were not resolved in the monochromatic photon experiment

8) J.T. Caldwell, S.C.
and R.L. Bramblett, Phys
Lett. 12 ( 1967) 447.
18) E.K. Warburton, J.W.
and D.E. Alburger, Phys.
(1965) B1202.

Fultz
. Rev.

Olness
Rev. 140

Table 3

Angular distributions and deduced total cross-sections of de-excitation y-rays in
130 and l5N*)

Nucleus Transition ai/a0

2-tj"g <r(0) sin 6 d0

4.ioc (90*)

13N 5.299-g.s.(| + - J*) -0.19 ±0.19 l

,3N 5.270-g.s.(i
+ - J*) 0.47±0.21 1

27+°.27
1 * -0.16

,3N 6.323-g.s.(}- - i~) 0.67 ±0.27 1 52
+ 0:}2

,3o 6.180-g.s.(|“ -* J
-
) 0.63 ±0.33 1 <8 + 0.50

** -0.3S

*) 5e (90
=

) is the cross section of Caldwell et al. *), averaged over the energy region as indicated i«

fig- 8. [over]

porm N8S-413
(REV. 7.1 4-64)
use OMM-OC 26010-P64 PH0T0NUCLEAR DATA SHEET 452
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Fig. 7. Angu’ar distributions for the ,"x')
ijO*, ,3 N*, rcaclions. The angular distribution

for the yi'1 -) McV
(

J" -* j“ :J / 0) transition is isotropic and senes as an additional confirmation

of the calibration procedures. The best fit to the angular distributions arc indicated by the solid line*.

Fig. 8. 90' yield cone gisen by fd<4(£v)/d£v )<TCA (£v ) illustrating the energy region of greatest

applicability of ih; present angular distribution measurements. Here, is the cross section from the

data of Caldwell el al. *). 453



REF .
B.S. Ishkhanov, I.M. Kapitonov, E.V. Lazutin, I.M. Piskarev,
V.S. Sopov, V.G. Shevchenko

Yad. Fiz. 12
,
392 (1970)

Sov. J. Nucl . Phys. .12, 434 (1971)

ELEM. SYM.

16 3

method

70 Is 5 omg

REACTION RESULT
EXCITATION
ENERGY

SOURCE CETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XN ABX 16-25 c 16-25 BF3-I 4PI

ayir

<5 -

i

'*

‘it

l\

i

l!

f
: -

i b

bi hi.m %

i! '
,

• Y' \ A '

ft vAa.- I

;
i A

•\A 4

i ‘i

1

U
i» i

i»
II

jh

E_ MeV

FIG. 1 . Cross section of the reaction 0 “(7 , n)0
15

.

5 -

3*1

* * a a
et m«v

FIG. 2. Comparison of the cross sections of the reaction O'*

(

7, n)

0 “, obtained in the present wort (solid curve) and in f
1
] (dotted).

2
B.C. Cook, J.E.E. 3aglin, J*N. Bradford,

and J.E. Griffin, Phys. Rev. 143 . 712 (66)

Table I. Energies of the maxima (in MeV) observed in dif-
ferent photo- nuclear reactions on the O 18

nucleus in the
region of the giant dipole resonance

1

m

3
“

!l
s a
3 -

11

A

3

! s
& a
3 5

ll
A

I?
1-

« : a

3 al
&ii

foatioe
o4 rty>
M«n,
MeV

Present data

in<r*ri! crow
arctiona of
nvxuvN,
M«V-»nb

Reiairre contne*-
t,oa to the iote*TM
crow tec*. wn of the

(7, •) resctKH, ep
to :< M t v

17.1 17.13 If,.89 0.23 0.007

17.1 17.3 17.23 17.2 17.3 17,29 17,2 17.*) 1.00 o.au
18.1 17.85 . 0.23 O.OOH

18.37 0.15 0.005
10.0 U.06 19.0 19.0 19.03 19.0 18 .92 0.64 0.020

19.2S 0.40 0.012

19.3 irse 19.4 19.6 19.36 19.4 19.52 0.9| 0.028

to.

2

20.1 20.23 0.44 0.014

20.3 21.0 20.9 20.9 20.6 21.0 20.9 20.99 1.13 0.03S

21.27 1.32 0.041

21.8 21.7 21.75 2.0) 0.065

22.26 22.3 22.4 22.3 22.2 22.3 22.17 3.37 0.111

22.46 3.92 0.122

2.90 2.24 0.070

23.1 23.13 23.1 23.1 23.0 23.1 23.33 3.36 0.10s

23.63 3.04 0.095
24.0 24.1 24.3 24.2 24.3 24.3 24.3 24.21 4.76 0.148

24.36 2.56 0.063

23.

0

24.9 23.0 23.2 23.2
-

32,12
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R. J. Jaszczak, J. H. Gibbons, and R. L. Macklin

Phys. Rev. C2, 63 (1970)
! EL EM. SVM. I A

16

RE*. NO.

70 Ja 1 hmg

RESULT EXCITATION SOURCE OETECTOR
REACTION ENERGY type Range type range

ANGLE

A,G ABX 9-11 D 1-4 NAI-D 84

(1.86-3-11)

The '’Cta.v)
1^ capture cross section was measured for a -particle energies between 1.86

MeV (<7= 1.1 ±0.4 nb) and 3.11 MeV (o = 29*4 nb) using a pulsed 4 He* beam from the ORNL
6-.MV Van de Graaff accelerator and a 23- by 30-cm Nal(Tl) crystal viewed by sLx matched,
bialkali photomultiplier tubes. An upper limit was obtained for the capture cross section at

£a = 1.6 MeV. The over-all time resolution (full width at half maximum) of the system for

3—10-MeV pulses due to y rays is 2.7 nsec. Enriched (99.94%) UC targets ranging in thick-

ness from 98 to 178 ng/cm1 were used. Pulses resulting from fast neutrons (from the l3C
(a ,n)

lsO reaction] interacting with the Nai(Tl) crystal were further separated from true y
pulses through the use of a new technique based on rise-time distribution differences of the

respective neutron- and y-ray-produced pulses. The face of the crystal (shielded with a 10.2

cm thickness of ‘UH) was 12-2 cm from the target. The astrophyslcal significance of this re-

action in the helium-burning sequence of stellar nucleosynthesis is also discussed.

so CAPTURE CROSS SECTION

1.6 < f.lM«v> <3.2

it

(£ 1.8 ZD 22 2.4 26 2.8 10 12

£, (MtV)

FIG. 9. The 12C(o,y) lsO capture cross section meas-

ured in the present experiment. The errors include the

effects due to target-thickness uncertainty, detector-ef-

ficiency uncertainty, current integration, statistics, and

background subtraction. Refer to text for comparison

of data with previous results.
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R. J. Jaszczak and R. L. Macklin elem. svm. Ia z

Phys. Rev. C2, 24-52 (1970)
o

|

16
j

8

70 Ja 2
j

hrag

EXCITATION
energy

SOURCE DETECTOR
REACTION RESULT

TYPE RANGE TYPE RANGE
ANGLE

A,G ABX 8-11 D 1-5 NAI-D

(1.6 - 4.1)

The possibility of 1' states above the 9.58- and 7.12-MoV states in
lsO interfering with these

lower states would strongly affect the 12C(a,y )
,sO capture cross sections near E a =3.2 MeV

and the inferred stellar- reaction rate. Cross sections below 3.2 MeV reported earlier have

been extended to 4.1 MeV using similar techniques and overlap the previous measurement

from -2.9 to -3.2 MeV.

In an earlier paper 1 the
12C(a, y)

lsO capture cross

section below £ a = 3.2 MeV was reported. A re-

cent report2 indicates that the rate of the 12
C(ar, y)-

l80 reaction at stellar energies may be predicted

with a precision that is limited only by the preci-

sion of the experimental data obtained at higher

energies. This analysis is now in the stage of

preparation for publication. 3 The cross section

above the 3.2-MeV resonance is strongly affected

through interferences with the tail from the region

of the giant dipole resonance in
la
0.

4 Thus, fur-

ther measurements of the
l2
C(at, y)

l,0 capture

cross sections were made at Oak Ridge. National

Laboratory (ORNL) for a-particle energies extend-

ing to 4.08 MeV using the terminally pulsed 4He

beam from the ORNL 5. 5-MV Van de Graaff accel-

erator. The experimental methods (time -of -flight

techniques, etc.) used have been described in de-

tail earlier. 1 The results of these measurements

are shown in Fig. 1. These values again consider

only the ground -state transition y ray and do not

include any contribution from cascade y rays, al-

though -7-MeV y rays are observed in the pulse-

height (time and energy) spectra. The a-particle

energies reported are those at the center of the

target. Data were taken such that resonances other

than the tails of the 1" levels did not contribute sig-

nificantly to the y-ray yield at the datum points

shown. Particularly, the datum point at £, = 3.39

MeV was below the narrow resonance at £„ = 3. 58

MeV (the 2* 9.85-MeV state in
190 with r e . m .

= 0.75 keV), while the datum point at 3.80 MeV was

above this resonance. Furthermore, the angular

distribution of the 2* ground-state radiation is a

minimum at 90°.

The measurement at 4.08 MeV may contain a con-

tribution to the yield from the resonance at E a

= 4.26 MeV (the 4* level in
160 at 10.36 MeV with

r c
=27 keV), although the ground-state transi-

tion rate should be small compared with the rate

of the 2* state.

IS 2.0 2.4 2.8 12 16 40
£;im«v)

FIG. 1. The 12C(a,y) lsO capture cross section below

4.1 MeV. This figure assumes a 1” distribution of y

radiation and includes only the ground-state transition.

The earlier data were taken from Ref. 1.
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Can. J. Phys. 48.

Hewitt, and K. G. McNeill
1635 ( 1970)

ELEM. SYM.

0

A

16

Z

3

METHOD REE. NO.

70 Ju 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

G.N ABX 17-30 C 23-30 TOF-D DST

&o
—

i

PHOTON ENERGY (MeV)
20 0 22 0 24 0 26 0 28 0

'

I

'
1 1 1 *

1

1

1046

1.0—

0 .8 !

L

00 COEFFICIENT FOR THE ,60 l50 REACTION

lit

0 . 6 [—

^ 0.4-
e

l

0 . 2-

f t'H

*
t tt *

‘
,

H
»

* Mr*

:

/V\ / '!

' !

f • »**
J L J I L_

2.0 4.0 6 0 8 0 10.0

NEUTRON ENERGY (MeV)

liO

Fic. 6. The energy dependence of the aa Legendre coefficient for ground state photoncutron emission. The data

are a combination of the results obtained with each of the 3 different bremsstrahlung end-point energies used. Energies

given are in the center-of-mass system.

PHOTON ENERGY (M.V)

Fig. 8. The energy dependence of the normalized Legendre polynomial coefficient aja0 . Energies arc given i:

the center-of-mass system.

[over]
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Fic. 9. The energy dependence of the normalized coefficient a,/a,.

photon energy ihuv)

00 20 0 22 0 24 0 26 0 29 0

Fig. 10. The enersy dependence of the normalized coefficient aa/o*.

photon energy (M.V)

ISO 20 0 22 0 24 0 26 0 28 0

Fig. 12. The energy dependence of the normalized coefficient a, /a,.
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J. C. Kim, K. P. Singhal, and H. S. CapLan
Can. J. Phys. £8 , 83 (1970)

EL EM. SYM.

0

A

16

z

8

METHOD

Page 1 of 3

]

REF. NO.

70 Ki 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLETYPE RANGE TYPE RANGE

E,E/ FMF 11 - 14 D 40- 105 MAG-D DST

(11.5-13.25)

FMF 11.5-13.1 MEV

Fio. 2. Form factor Fj 1 of the 1 1.5 MeV (2
+
) level. The dashed line is from a calculation of Seaborn and Eisenberg

and has been arbitrarily multiplied by 25. The solid line is the generalized Helm model fit with charge radius and skin
depth parameters Jt — 1.084 \lli fm, g

1 = 0.88 fm3, respectively, and the magnetization radius and skin depth R »»

1.15 Aw3 fm, g
1 — 1.15 fm3

, respectively, and level parameter |3 = 0.45, y = 0.62.

no
’ 3

ic

Fig. 3. Form factor Fca 2 of the 12.03 MeV (0*) level.

j_over_
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o

0 a SiSHOP it oi

Fig. 4. Form factor FM2 J of the 12.53 MeV (2") level. The solid line is calculated from Gillet’s wave function and
has been arbitrarily multiplied by 10.

Page 2 of 3

xlO
'4

has been arbitrarily divided
1

by
3^* 12-56 -VIcV

^ Ievcl*
"

rhe ‘olid Iine “ calculated from Gillet’s wave function and

Fig. 6. Longitudinal form factors of the 13.1 MeV peak. The solid curve is calculated from Gillet’s wave function

(1 3.6 MeV, 1 ~,T = I ). The dashed curve which has been multiplied by 0.05 is calculated from the configuration (
I

p

3/i,

lf7/x)2*, T = 0 which contributes 88% of amplitude of the (13.7 MeV, 2*. T = 0) level predicted by Giliet.
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J. C. Kim, K. P. Singhal, and H. S. Caplan

Can. J. Phys. £8, 83 (L970)
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0

A

16
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8

method
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REF. NO.

70 Ki 1 hmg

TABLE III

Ground state radiative widths, transition radii, and reduced matrix elements for some states in
l60

ANGLE

Previous work Present work

T jm E. (MeV) r,° (eV) Ru (fm) B(J, E.) (fm 2*) r,° (cV) R lt (fm) B(J, £,) (fm 22
)

0 2* 11.52 0.55 ±0.07* 3.7±0.5 17. 8± 2.0 0.85 ± 0.09 4.4 ±0.05 25.67 ±2.83
0.85 ±0.1*
0.90 ±0.2C

0.66 + 0.09*

26. 0± 3

0

*

12.03 6.3±0.9 4.90±0.49 5.2 ±0.95 4.S9 ±0.31

0 1' 12.44 7 ±1*

0 2' 12.53 0.15 +0.02*
0.021 +0.006* 2.9+1.

0

0.42 + 0.10
0. 108 ± 0.0154 5.3 2.19 c0.3

1
2' 12.96 0.078 + 0.016* 3. 6 + 0.

5

1.34 ±0.27 0.071+ 0.002 3. 74 -‘•0.

2

1.227-0 03

1
1- 13.1 ±0.01 23 ±4*

88'
48.5 ±12.8 3.6S±2.50 0.057-0.015

150*

31 +8* 0.04±0.01
0 2* 13 . 15 ± 0.

1

0.6 ±0.3*—0. 13* ~2
0.89 13.8

1 3
'

13 . 25 ± 0. 01

Stroctzcl (1968). ‘Bishop et al. (1964). ‘Mead, and Mcldowic (1960). /Lanon and Spear (1964). 'Bethge and Strohbach (1965). THebbard (I960). •Schardt tt al. (1952).

‘Mitchell and Ophel (1964).

TABLE IV

The summed form factors for the 12.9 McV, 13.1 MeV, and 13.25 MeV levels

an q
2 (fm

-2
) I Ft

2 (Bishop) x 103 2 £z
2 (present) x 103 2 Ft

2 (Willey) x 103

60 0.2S 0.21+0.026
60 0.457 1.10 + 0.13 0.43
60 0.57 0.43 + 0.05
60 0.648 1 .00±0. 16 0.67
60 0.77 0 . 46 ± 0 . 04
SO 1.01 2.92 + 0.27
115 1.57 2.90 + 0.3S 3.92
135 1.67 7.50± 1 .0 8.33
120 1.S2 3.5 ±0.55 5.01

80 1.91 1.9 ±0.35 2.37

TABLE V
Transition matrix elements of 13.25 (3') and 12.70 (O')

13.25 (3') 12.70 (O')

q
1 (fm' 3

) fcoui
2 x 10* F.icc

1 X 105
9 (°) (TV (q, 8 Averaged over energies

0.57 1 .61 ±0.24 0. 19± 0.029 125 0.8x 10'* 104 MeV, 90 MeV
0.76 0.60 + 0.40 3.3 ±2.2 155 1.0x10'* 60 MeV, 95 MeV, 40 MeV
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M. Stroetzel and A. Goldmann
Z. Physik 2H, 245 (1970)

16

METHOD

70 SC 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ LFT 14-21 D 34-58 MAG-D 10-58 DST

Fig. 3. Reduzierte Obergangsmatrixelementc (DW'BA-Analyse) fur 10 Niveaus des

"'O, aufgeiragen uber dem Quadrat der Impulsubcrtragung. Die Symbole der Punkte

haben folgcnde Bedeutung: Messung bei 81°(a), 129° (o) bzw. 16d°(v); die

McOpunkte des 17,2 MeV-Niveaus (O) wurden aus Winkelverteilungen bei konstan-

tem Impuisubcrtrag gewonnen. Die Kreuze ((-) geben theorctische Abschalzungen

an und werden im Text eriautert. Die durchgezogcr.en Kurven stcllen die beste An-

passung von Cl. (1) an die MeQpunkte dar. Aus ihnen foigen die in Tabellc 2

aufgcfuhrten Ergebnissc fur B(Xi, 0) und Rlr

over

U.S. 3EP*a*»£S* COMMERCE
NATIONAL 3UREAUOP S~ANOARCS
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Tabelle 1 Fldchemerhaltmsse A,iA E x 10* fur 13 durch ihre Anregungsenergte in

Me V gekennzeichnete Niveous in
140; in Klammern ist der Fehler in Prozent aufge-

fulirt. Der nach 13 berechneie elaslische Wirkungsquerschnitt (da/dO)E hat die Dimen-

sion I0~M crr^jsr

Spektrom

0 [Grad]

1

164,9

2

164,9

3

164,9

4

164,9

5

129,0

6

129,0

7

129,0

8

80,9

£0 [MeV] 54,30 48,90 42,73 34,09 58,09 52,45 45,53 45,64

(d<j,'dn)E 0,953 1,387 2,140 4,122 13,53 19,50 30,18 438,7

14,00 ^ 3,7 1.74

(SO)

^ 1,4 g0,7 1.91

(30)

1,43

(30)

0,91

(30)

0,20

(25)

15,15 6,9 3.7 — — 1,83 1,72 1,49 0,23

m (40) (40) (40) (50) (50)

16,21 18,0 12,8 11.3 7,0 1.17 1,07 0,76 0.12

U0) (IS) (10) (IS) (IS) (IS) (20) (25)

16,46 4,1
— 1,4 — 0,93 0,68 0,36 0,13

(30) (SO) (30) (30) (50) (30)

16,3 6,4 — 1,5 - 0,65 0,40 - -

(40) (SO) (25) (40)

172 23,3 20,0 18,5 13,7 3,88 3,18 2,44 0,68

(10) (25) (10) (10) (IS) (IS) (IS) (IS)

17,6 7,1
— 2.7 — 0,49 0,34 - —

(30) (SO) (40) (SO)

18 5 6,86 2,46 — 3,95 2,29 0,92 0.23

(25) (30) (30) (30) (40) (30)

19,0
- - — — — — 0.25

(30)

19,04 77,8 31,8 — 5,55 4,39 2,39 -

(10) (IS) (20) (20) (25)

19,5
- - - — — — — 0,22

(30)

20,36 129,7 45,3 — 12,43 7.76 4,04 -

(20) (30) (25) (30) (3S)

20,95 I

J

DO SO 18,5 23,4 4,06 3,38 2,62 0,82

(25) (25) (25) (25) (25) (30) (25)

Tabelle 2. Endcrgebnisse fur 13 Niveous des '60: in Klammern sind die Fehler in Eln-

heiten der letzten Sidle angegeben. Zur Bestimmung der roialen Breite wurde das

Jnstrumenteile Aiifldsungsvermogen" mil Lorenzkurven verschiedener Breite F ge-

falter, bis die e.xperimenlelle Halbwertsbreite der versdtiedenen Resonanzen mil der

Breite der Faltiingskurve iibcreinstimmte. Die Form fur das „instrumentelle Aufldsungs-

vermogen“ ist der elaslischcn Linie dhnlich, jcdoch ist die Breite *egen der konstanfen

Dispersion des Spektrometers etwas kleiner. Die Ubergangsivahrseheinlichkeiten

B(XX, 0) und Ubergangsradien R
tr folgen aus der D WBA-Analyse der gemessenen

Wirkungsquerschnitte. Die Weisskopfabschiitzung Fw erfolgte nach ia* mil R= 1,2fm A*

I* r 5(2T;, 0) n r?irw
[MeV] [keV] [fm** 1 [eV] [fm]

14,00 (5) 0+ 170 (50) 3,3 (7)* — 6,5(76)

15,15(/5) 2
+

500(200) 8,1 (41) 1,0 (5) 0,7 6,8 (27)

16,21 (i) 1
+ — 0,0034 (5) 5,1 (3) 0,05 3,2 (3)

16,46 (7) 2
+ =£100 2,7 (9) 0,5 (2) 0,2 5,8(77)

16,80(70) 3
+
? ^100 86 (43) 0,0017 (9) 16 5,8(23)

17,20" 1" — 0,035 (7) 62 (12) 0,03 2,7 (7)

17,60 (10) 2~? ^ 100 0,26 (13) 0,07 (4) 0,4 4,6(76)

18,50(70) 2? 50...400 — — — —
19,00(70) 1“ 300(700) 0,017 (9) 41 (20) 0,014 mit 3,3 e

19.04 (5)
2" 400 (50) 3,6 (7) 1,5 (3) 6,2 4.9 (8)

19,50(70) r 200 (70) 0,016 (8) 40 (20) 0,013 mit 3,3®

20,36 (7)
2“ 500(700) 5,1 (IS) 2,9 (10) 8,6 4,4(77)

20,95 (5) i" 270 (70) 0,057 (14) 180 (SO) 0,05 3,7 (9)

1 ME in fm*.

" Nicht aufgelostes Doublet! 17,14 (1
±

?) und 17,30 (I
-

) MeV.
c Fur die Extrapolation (<?—*0) benutzt.
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method

(J. Von Wimraersperg, G. Kernel, B. W. Allardyce, W. M.
and N. W. Tanner

Phys. Letters 33 B . 291 (1970)

Mason EL EM. STM.

REF. NO.

16 8

70 Vo 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.A NOX 13 D 13 ION- D DST

(13.1)

A,G NOX 13 D 8 NAI-D DST

(13.1)

Check detailed balance on angular distribution. 13 = 13.1 MEV

w(e
aY

)
= a

o
(p

o
-p

4 )+a1 (p1
-p

3 )+a2 (p2 -p4 )

Ai/A = +Q.37±0.01
o

As/A
o
= -0.93±0.02 for (A,G) reaction
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J. 0. Adler, G. Anderason, B. Forkman, G.

Nucl. Phys. A171 , 560 (1971)

METHOO

G. Jons son, K. Llndgren
16

71 Ad 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G ,NG ABY 22-800 C 100-800 SCD-D 6. 2 135

G , PG ABY 18-800 C 100-800 SCD-D 6. 3 135

Fig. 7. The FWHM for the (y, n) and (y,j>) peaks as functions of the maximum bremsstrahlung

energy. The arrow and the dashed region indicates the value at 30 MeV (see fig. 8).

Fig. 9- The corrected (y, p) and (y, a) yields as functions of the maximum bremsstrahlung energy.

The curves are least-squares fitted to the experimental points.
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(Sept. 1971) Justus Liebig-Universitat Giessen.
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ELEM. SYM. , A

0

REF. NO.

16

z

8

71 Ah 1 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G ,MU-T ABX THR-150 C 10-150 MGC-D 4PI

35-

3o-

25-

2o

15

1o

5

6* /mb
rue!

'A

h V
ii t

iJ

Iwif

III,

^0-
i

16q

4* = o.o1
k

Photon Energy / MeV
%

1o 12 15 2o 25 3o 4o So 6o 8o loo 12o 15o

fi*. 5

(over)
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fig, 81 structures measured in the giant resonance of 0
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B. Friberg, G. Andersson, and B. Forkman
Nucl. Phys. A171. 551 (1971)

EL EM. S 'M. A

16

METHOD REF. NO.

71 Fr 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABY 16-800 C 100-800 ACT -I 4 PI

Fig. 1. Absolute yields for the (;, n) reactions in “N, ’‘O anti '*F. The solid lines arc the least-

squares fits of the yields from low -energy processes and photomeson yield.
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B.I. Goryachev, B.S. Ishkhanov, and V.G. Shevchenko

$Hr. 2. CeneHHe peaMHH 0 ia
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REF
- G. Kernel, W. M, Mason, U. Von Wimmersperg

Nucl. Phys. A167 . 352 (1971)

EL EM . STM.

16

REF. NO.

71 Ke l egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

A.G ABX 12- U D 7-9 NA1-D DST

9, i DECREES)

Fig. 7. Angular distributions measured with the small crystal. The curves result from the least-

squares fit of the Legendre polynomial coefficients to the experimental values w ith the application of

the conditions + + =* A^ + A* =? 0.
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Table 2

Results

Normalized yields Legendre polynomial coefficients

(MeV) 9 - 45* 9 = 90* 9 - 135* Ao A\IA% Ail

7.60 265±15 341 ±21 122 ±11 240±10 0.303 ±0.045 -0.93 ±0.09
7.70 468± 8 528 ±16 165 ± 5 382± 7 0.411 ±0.016 —0.89±0.04
7.80 1096±30 1144±43 317±14 836 ±19 0.495 ±0.025 -0.88 ±0.05
7.81 1350± 17 1637±24 529± 9 1 1 58 ±11 0.366±0.010 -0.93 ±0.02
8.00 460±23 604±31 261 ±12 443 ±14 0.174±0.036 —0.86±0.07
8.10 180± 6 201 ± 7 120± 6 161 ± 4 0.1 72 ±0.032 —0.72±0.05

EXCITATION ENERGY iMeVl

125 13.0 13.1 13.2 13.3 a 13.4

Fig. 8. Legendre polynomial coefficients. The upper diagram represents the integrated cross section.

Values for A JA 0 and AJA 0 at energies higher than £, = 8.1 MeV are not shown due to large

errors. The errors due to the normalization of A 0 values to each other aro not given in the

upper diagram; they amount to about 4 *£. Where the errors for AJA a and A 2/A„ are not

shown they arc smaller than the radius of data circles. The upper scales for excitation energies

were obtained using a Q-value of —7.161 MeV from ref. ’).

7
F. Ajzenberg- Selove and T* Laurltsen,
Nucl, Phys. A11Z. (1968) 1.
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REF. E'_ EM. SYM. Z

METHOO

Tatsuya Saito
Nippon Kagaku Zasshi 9_2, 164 (1971)

0

REF. NO.

16 8

71 Sa 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABY 15-68 C 10-68 ACT -I 4PI

Nippon ICogotu ZossM. 92, 144—164(1971)

T)i« Ylslds of Radioactivities Induced by [f, it) Reactions

with Rremsstrahlung up to 68 MeV

by^a*w^o_^AIT^

Tlie (jr, ) yicltls of 12 Urge! nudities have bren measured

at IU, 13, 1C, 30, 45 and 68 McV brcinssuablung by obacrv*

ing tlie induced activities.

Tlie energy clrpriMlciice of the yields lias been investigated

extensively in tlie same way as in tlic previous work at A)

MeV Itrenisstraliliing.

In tlie rase nf Iteavy nudities, tlie yields rise xrvatly as a

function of maximum bombarding energy up to 20 MeV, ansi

rise gradually from 20 McV up to 68 McV. However, in tltc ea>e

of light nuclides, tlie yields rise greatly up to 30 MeV, because

the neutron separation energies of light ones are larger than

those of heavy ones, and tlie bremsstrahlung spectrum covers

the giant resonance and so the yields rise gradually from 30

MeV up to 68 MeV.
The yields have approximately been* estimated from the

parameter of tlie giant resunancc, that is the prak cross section

and the half width, in order to rum|iarc with the experimental

data. As a result, tlie experimental data of light nudities and

licavy ones are nearly in agreement with tlie estimate.' —a
of Nathans ct ai., Johns ct aJ. and Montaibctli ct aL but those

of medium weight ones are relatively lower values.

Dtpatimni #/ Ckcmutry, Faculty aj Seine*, Takaka Uaiearuty;

Katakera-cka, SaaJai-tki, Japan

I: '»»Au(j\«)'«Au, I: ,n I(r.a)>»I

I: **Mn(y, *)
MMn, If: “Na(r,a)»Na

7: '•0(y,»)'»0, 7: '»C(r,»)"C

W 3

R * *

• : Ttttt. ©: Johns b,

Q: Nathans b, 0 : Monlaibetti b

a (r,a)se«a*o)t«
FORM NSS-418
(REV. 7- I a- 94)
uscomm-oc 2scio.psa PHOTONUCLEAR DATA SHEET 472
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M. Sufferc and A. Degre
J. de Physique 32, C5B-219 (1971)

EL EM. SYM. A

16

METHOO

71 Su 1

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

D,G RLX 21- 26 D 1-7 NAI-D dst

It I

Fig. 1
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(R EV. 7-1 4-841
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REF.

METHOO

J. Ahrens, H. Borchert, H. B. Eppler, H. Glum, H. Gundrum,
P. Rlehn, G. Sita Ram, A. Zieger, M. Kroning, B. Ziegler

Proc. International Conference on Nuclear Structure Studies
Using Electron Scattering and Photoreaction, Sendai, Japan
p. 213 (1972)

EL EM. $YM. A

0

REF. NO.

16

z

8

7 2 Ah 7 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECT OR
ancle

TYPE RANGE TYPE RANGE

G,MDT ABX 12-140 C 140 MGC-D 4PI

594

£, ,5o t ,
5>>._£6<£)di

, ZZ.,0«)
»
yQs (i)

• N8S k.3?M*V, o ki3S M«v, 0 k.Uo M«y

Fig . 11 Integrated cross-sections

FORM N8S-418
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S.S. Hanna, fL 7. Glavish, E.M. Diener, J. R. Calarco, C. C. Chang,
R. Avlda , and R. N. Boyd

Phys. Letters 40B, 631 (197 2)

EL EM. SYM.

16

METHOD REF. NO.

72 Ha 4 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

$ P,G NOX 19- 26 D 7- 15 NAI-D DST

up dn up dn
P = proton polarization

PROTON ENERGY E, (Mtv)

Fig.LMeasuted analyzing powers for the reaction
ls
N(p,70 )

16
0. Top: data plotted as a function of angle at

three selected energies. Bottom: all the data at the angles

4 S ,90 , and 135 presented as a function of energy.

E. (

,40>(m»v>

Fig.2 . Summary of the existing information on the reaction

ls
N(p,70)

16
0. The curves for the total yield A Q and the un-

polanzed angular distribution coefficients aj and a-^ are from

rcf.[ 2 | . The values for b-, were obtained from the data in

fig.l by use of eq.(2 ). The two solutions for

s
l
/2is l

/2 l Ws*11 sol*). ^3/21^3/2!. and 0^-05 were ob-

tained by fitting the theoretical expressions ( 3 ), (4 ), and (5 )

to the experimental values of a-^ and b-± at each energy.

^W. J. 0' Connell , Ph. D. thesis,
Stanford Univ. (1969) unpublished.
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E, (M«V)

Fig. 1. Summary of the existing information on
1

5

N (p ,

y

0 )

1 *0. The two solutions for the
proton channel are indicated by I and II.

form N3S-418
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R£F.

B.W. Thomas, D. M. Crawford and H.

Nucl. Phys. A196 . 89 (1972)

METHOP

H. Thiee
El. EM. SYM. A

REF. NO.

7 2 Th 2 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G ,XN RLX 16-24 C 15-24 BF3-I 4PI

ISA.

Fig. J. (i) Cross section for '‘Of-/, n) (present work);, (ii) cross section for “Of;-, n) according to

Cook ctal.
' “Jaml Ishkliunov etui.

,5
); (iii) cross section for 1

5

N(p, ;•) according to Tanner ct al. “).

^B. C. Cook et al. , Phys. Rev. 143 (1966) 712.

^B. S. Ishkhanov et al. , Sov. J. Nucl. Phys. ljJ (1971) 484.

^N.W. Tanner et al. , Nucl. Phys. 5.2 (1964) 45.
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H. R. Weller, R. A. Blue and S. L. Blatt
Phys. Rev. C5, 648 (1972)

ELEM. SYM.

16

METHOD REF. NO.

7 2 We 1 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

D,G RLY 22-24 D 2-3 NAI-D 90

(2. 2-2.9)

EXCITATION ENERGY IN
,6
0 (MeV)

22.5 23.0 23.5

CENTER -OF -TARGET DEUTERCN ENERGY (MeV)

FIG. 2. Relative yield at 90” for the reaction lt S(d,y ab
tfi

O. The triangles are data obtained with the tantalum

nitride target, while the circles are data obtained with

the nitrogen gas target. The dcutcron energies have been

corrected to correspond to centcr-of-targot energies.

The error bars represent the statistical uncertainties

for the data points. The curve is a Breit-Wigner shape

with raab) = 700 keV and £„=2.40 MeV.

The 90* yield from the reaction ,4 X(c/,y 0)
l*O has been measured between 2.1 and 2.9 MeV to

accurately determine the location of the strong resonance previously observed in this region.

Two separate measurements were made. It is found that the resonance occurs at £< = 2.40

±0.05 MeV, moving it with respect to the dip ls
'S(p,y a)

,60 and n ,/
50. This result brings

into question Interpretations of the fine structure of the uO giant dipole resonance made on

the basis of earlier experimental work.
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REF.

METHOD

J. Ahrens, H.B.

P. Riehn, G.

PICNS-73, Vol.I

Eppler, H. Gimm, H. Gundrum, M. Kroning,
SitaRam

,
A. Zieger, and B. Ziegler

, p. 23 Asllomar

ref. no.

z

16 8

73 Ah 4 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.MLJ-T ABX 10-140 G 140 MJG-D 4PI

Statistics may have been improved over those of 72Ah7.

See figure on other aide.

PORM N3S-418
(R EV. 7-1 4* 64)

USC OMM-N BS-O C PHOTOHUCLEAR DATA SHEET 479
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i g. 5* Sar.e as Fig. 2 for 0.

430



R, Bergere, H. Beil, P. Carlos, A. Lepretre, A. Veyssiere
P1CNS-73, Vol.I, p. 525 Asilomar

EL EM. $ YM. A Z

METHOP

0

REF. NO.

16 8

73 Be 10 hmg

RESULT EXCITATION SOURCE OETECTOR
ANGLEREACTION ENERGY TYPE RANGE TYPE RANGE

G,N ABX 16- 37 0 16- 37 BF3-I API

G ,PN ABX 26- 37 D 26- 37 ' BF3-I APT

G , 2N ABX 28- 38 D 28- 38 BF3-I APT

is?

Fig. 9 Partial cr(Y,n), a(y,pn) and a(y,2n)
cross sections of ^O,

Fig. 13 Integrated photoneutron cross-sec—
tions for s-d shell nuclei.

form N3S-418
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EL EM . SYM. A Z

J. C. Bergstrom and I. P. Auer
Nucl. Phys. A215 . 232 (1973)

METHOO REF. NO.

8

73 Be 16 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANCLETYPE RANGE TYPE range

E,E/ FMF 11, 12 D 101-126 MAG-D DST

11=11.52. 12=12,05

Fig. 2. Angular distribution of the total form factor of the 2 + (11.52 McV) level at q ss 0.93 fm*'.
The small change in the form factor with angle indicates a negligible contribution of the transverse

term in the angular range of the present experiment.

Fig. 3. Experimental form factor (squared) of the 2* (11.52 MeV) level of ‘*0. The solid line rep-

resents a Helm model fit to the present results and the Darmstadt data. The broken line is the pre-

diction (x J) of the Brown-Green model as evaluated by Eriksop.

Fig. 5. Experimental strength function

/

3 (17) of the 0 + (12.05 MeV) state in l40 as obtained from the

present data and the Darmstadt results. Corrections have been applied for the distortion of the electron

wave function by the Coulomb field of the nucleus. The data point at the left represents the "photon
point” iq — ai), based on the monopole matrix element =* 4.03 fm 1

. Also shown are least-squares

fits to straight lines (one with zero slope).

Fig. 4. Experimental form factor (squared) of the 0 + (12.05 MeV) level of , 40. The solid line rep-

resents a least-squares fit of the present results and the Darmstadt data to a function analogous to

the Helm model but designed for monopole transitions (see text). The experimental points in this

figure have not been corrected for Coulomb distortion. The broken line is the prediction (x4) ot'lhe

Brown-Green model.

(over)

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS
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Table 1

Form factor! for the 2* (1 1.52 MeV) and 0* (12.05 McV) levels of l40 as measured in the present

experiment

£. 0 4 |f(4)l*XlO* •

(MeV) (deg.) (fm-‘) £. (MeV)
11.52 12.05

125.9 70.0 0.70 13.3 ±0.4 5.6±0.2

100.8 105.0 0.76 14.8 ±0.5 6.3 ±0.2

125.8 85.0 0.82 15.9 ±0.5 6.5 ±0.2 -

125.8 100.0 0.93 15.6±0.5 6.1 ±0.2
101.4 150.0 0.93 15.9±0.6 6.3 ±0.3

118.3 115.0 0.96 15.3 ±0.6 6.1 ±0.4
125.7 113.0 1.01 15.2 ±0.5 5.9 ±0.2

125.7 129.8 1.09 13.1 ±0.5 4.8 ±0.3

125.8 145.0 1.15 12.5 ±0.7 4.3 ±0.4

Table 2

Summary of the radiative properties of the 2* (11.52 MeV) and 0* (12.05 MeV) levels of “O
(ground-state transitions)

O "S'<
2* (11.52 MeV)

X„ (Cm) B(E2 : 2 -* 0) (fm)4 Ref.

0.61 ±0.03 3.9 ±0.1 3.7 ±0.2
0.59 ±0.07 3.8±0.5 3.6±0.4 e.dj

0.56 ±0.03 3.9 ±0.2 3.4±0.2 •)

0* (12.05 MeV)
Mo (fm1

) Ref.

4.03 ±0.09 *,.)

4.44±0.10

4.40 ±0.44 c. a)

4.08 ±0.12 •)

R„ and Af0 represent the transition radius and monopole matrix element, respectively.

*) Present experiment. Bom approximation.
*) Present experiment, corrected for Coulomb distortion.
8
) Ref. *). ") Ref. “). •) Ref. 5

).

^M. Stroetzel, Z. Phys. 214 , 357 (1968).

^X. K. Maruyama, Ph. D. thesis, MIT (1970)

unpublished.
22

EL. Theissen, Springer Tracts Mod. Phys. 6 5.

1 (1972).

1
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REF.

METHOD

J. G. Bergstrom, I. P. Auer, F.J.
Nucl. Phys. A213 . 609 (1973)

Kline, H. S. Caplan

ELEM. STM. A

16

REF. NO.

73 Be 17 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE

E,E/ FMF 9, 10 100-126

-xIO*
4

9.85 (2")

10.34(4*)

q *0.94 fm'
1

m
-

1 1 I

5 i0 IS

Fig. 3. Angular distribution of the total form factors of the 2* (9.85 MeV) and 4* (10.34 McV)

levels, at q sr 0.94 fm” 1
. The slopes of the dashed lines correspond to the transverse form factors,

while the ordinate intercepts give the longitudinal form factors.

Fig. 4. Experimental form factor for the 2* (9.85 MeV) level as measured in the present experiment.

The solid line represents a least squares fit to the Helm model with g = 0.1 and 1.0 fm, as discussed

in the text.

Fig. 5. Experimental form factor for the 4 + (10.34 MeV) level as measured in the present experiment.

The solid line represents a Helm model fit.

DETECTOR
ANOLC

MAG-D dst

9=9.85, 10=10.34

(over)
U.S. DEPARTMENTCF COMMERCE

NATIONAL BUREAU OF STANOANOS
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Tabls 1

Form factors for levels in “O as measured in the present experiment

£. 0 <7 |Ffo)|*xl0*
(MeV) (deg.) (fm- 1

) £.(MeV)

9.85 10.34

125.9 70.0 0.703 0.73 ±0.04 0.1 8 ±0.03
100.8 105.0 0.769 0.86±0.04 0.33 ±0.04
125.8 85.0 0.827 1.18±0.08 0.56 ±0.05
125.8 100.0 0.936 1.48 ±0.08 0.92 ±0.08
101.4 150.0 0.940 1.55±0.12 1.05±0.12

118.3 115.0 0.964 1.44 ±0.20 1.1 1 ±0.17
125.7 113.0 1.017 1.68 ±0.09 1.33 ±0.10
125.7 129.8 1.103 1.31 ±0.13 1.97±0.14

125.8 145.0 1.162 1.74±0.21 2.74±0.24

The momentum transfer q corresponds to 10.00 MeV excitation.

Tabu 2

Radiative widths l'ya for ground-state transitions and transition radii R„ obtained from Helm model

analysis of the 2* (6.92 McV), 2* (9.85 MeV) and 4* (10.34 MeV) form factors of l60

£.

(McV)
A ry0

(mcV) (rm)

6.92 E2 1 30 ±9 4.3 ±0.2
9.85 E2 8.8±1.7 2.8 ±0.5

10.34 E4 (5.6 ±2.0) x 10" * 4.3 ±0.8
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REF.

METHOD

F. Brochard, P. Chevallier, D. Disdier,

and F. Scheibling
J. de Physique 34 , 363 (1973)

V. Rauch,
ELEM. $YM. A

0

REF. NO.

Z

16 8

73 Br 23 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G ABX 12- 13 D 0-1 SCD-D DST

A,G ABX 12- 13 D 6-8 SCD-D DST

Abstract. — Desexcitations of the 1~ levels situated at 12.44 and 13.09 MeV in l60 have been

studied and two new transitions were observed. A new determination of the parameters of the

two 1" levels was made.

12.44, 13.09

300 S00 700 900 noo Ep(M«V)

Fig. 3. — Comparaison des fonctions d’exritations theoriques

obtenues k l’aide d'une formule k deux niveaux avec les valeurs

experimen tales correspondantes.

form N3S-418
(R EV. 7-1 4-64)

USCOMM-N 0S-OC

Tableau III

Parcmetres des niveaux situes a 12,44 et 13,09 MeV
deduits dans le formalisme de la matrice S en utilisant

une formule a deux niveaux

Niveaux r„ fro r
(MeV) (keV) (keV) (eV) (keV) ?.(*)

12,44 1,25 95^3 9,5 96,5 0,988

13,09 95,5 39,5 44 135 1,2

(“) <7n
represente le facteur defini par J. !Humblet

et L. Rosenfeld r 1 51.

Nucl. Phys. 26^ (1961) 529.

Tableau IV

Comparaison des largeurs reduites yla,
•/* et T

ro

relatives aux niveaux 12,44 et 13,09 determines

par D. F. Hebbard et lors de cette experience (exprimees

en keV)

D. F. Hebbard Nos resultats
Niveaux 2 2

i1>
2 2 r

(MeV) /*o 7p 7*o 7p *70
(eV)

12,44 19,8 354 12,8 17,1 434 9.5

13,09 4,27 450 88 6,1 471 44

Tableau V

Largeurs partielles electromagnetiques des deux

niveaux 1“ situes a 12,44 et 13,09 MeV determines au

T(eV)

44 ±8
9,5 ± 1,7

0,12 ± 0,06

1,35 ± 0,4

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OP STANCAROS

cours de ce travail

Transitions
(MeV)

13,09 -* 0

12,44 - 0

12,44 - 6,05

13,09 - 7,12

486PHOTONUCLEAR DATA SHEET



ref. V. di Napoli, P. Salvetti, M. L. Terranova, H.G. de Carvalho,
and J. B. Martina

Phya. Rev. C8, 206 (1973)

EL EM. SYM.

16

METHOO

73 Di 4 hmg

REACTION result EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

'

G ,
SPL ABY TBR-999 C 999 ACT-

1

4PI

999 a 1 GBV

FIG. 3. Yields of nC and TBe versus the mass number

of the target nucleus. Filled circle: ll C, Ref. 16. Filled

triangle: UC, Ref. 17. Filled square: UC, Ref. 8. Cfcen

circles: llC, present work. Reversed open triangles:

TBe, present work.

g
G. Anderson et al. , Nucl. Phys. A197 .

44 (1972).

^ V. di Napoli et al. , Nuovo Cimento 55B ,

95 (1968).

^A. Masaike, J. Phys. 9oc. Japan 19., 427
(1964).
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REF.
P. Dougan and W. Stiefler
2. Physik 265, 1 (1973)

ELE*». SYM.

16

73 Do 9 egf

REACTION RESULT EXCITATION
ENERGY

OETECTOR
ANGLE

G.XP ABY 92-400 400 TBL-D DST

Fig. 8. Experimental cross-sections at various angles for Ep= 150 MeV divided by
NZ/A plotted as a function of atomic weight

proton energies as a function of atomic number

Fig. 9. In this figure, the straight lines show the experimental cross-sections at 40®

and 74° for £
?
=150 MeV, The other curves arc the same cross-sections divided by

atomic weight

(over)
'ohm NSS-418
(REV. 7-14-64)
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Table 5. Oxygen. Bremsstrahlung endpoint energy: 400 MeV. Differential cross-

sections in mkrobarns/sterrad • MeV • eq. quantum. Quoted errors statistical in percent

Energy Angle

22 30 40 50 60 74 90 110

83.6 4.93 4.45 3.13 234 1.87 1.45 1.17 0.872

2.0 2.0 1.8 20 2.0 2.0 22 24

101.2 3.91 3.20 2.03 1.61 1.38 1.12 0.805 0.579

25 25 24 26 25 25 29 3.2

108.0 - 3.48 1.80 1.18 0.924 0.650 0.498

2.4 1.8 2.3 23 24 28

113.1 250 1.61 1.34

22 22 24

118.0 2.77 205 1.49 1.15 1.02 0.770 0.576 0.345

2.9 3J 27 3.0 29 3.0 3.4 4.1

130.4 222 1.15 0.821 0.604 0.384 0.257

3.1 24 29 3.0 3.3 4.0

Table 5 (continued)

Energy Angle

22 30 40 50 60 74 90 110

134.9 1.41 1.12 0.925

3.0 28 3.0

149.3 0.793

24

. 151.4 1.30 0.782 0.537 0.410 0.219 0.129

4.2 29 3.7 3.7 4.5 5.8

155.6 0.945 0.754 0.743

3.7 3.4 3.6

167.7 0.597

29

174.5 0.803 0.682 0.621 0.477 0.377 0.247 0.125

2.9 25 26 27 2.9 3.5 4.9

185.7 0.465

3.3

191.3 0.577 0.529 0.442 0363 0.258 0.148 0.0704

3.6 3.0 3.2 3.2 3.7 4.7 6.9

207.8 0.403 0.369 0.333 0.233 0.169 0.0812 0.0319

4.3 3.5 3.6 4.0 4.5 6.3 10.2

226.4 0.344 0.287 0.219 0.195 0.103 0.0429 0.0178

4.6 3.8 4.3 5.1 6.9 10.1 14.0

242.6 0.244 0.190 0.135 0.128 0.0504 0.0195 0.00615

5.8 5.6 5.7 6.6 10.2 15.6 25.0

254.0 0.187 0.148 0.0983 0.0579

4.3 5.4 5.7 8.1

258.8 0.139 0.116 0.0744 0.0665 0.0268 0.00826 0.00259

7.5 6.2 7.5 8.9 13.9 23.6 37.8

269.1 0.101 0.0862 0.0571 0.0250

6.1 7.4 7.8 127

284.8 0.0653 0.0367 0.0286 0.0143

7.4 11.1 10.8 16.4

,
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REP.
H. Hartmann, H. Hoffmann, B. Mecklng, G. Noldeke
PICNS-73, Vol.II, p. 967 (1973) Aailomar

EL EM. SYM.

16

methoo

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G , PN * ABX 100-350 C 500 TEL-D 63
**

G.PD

G ,PP

Neutron angle 63°; proton angle varied 80°-90° to keep
deuteron^kinematics for PN. For PD kept angles fixed
by free

J
He(y,p)D kinematics.

* ^ COINC
** PD COINC

*** PP COINC

Fig. 9. £ for the ( y ,pd )-process

Fig. 8. Cross section for the

(Y»Pn )~process

Fig. 10. Cross section For the

(y,pd )-process

(over)
form NSS-418
(RCV. 7-1 4-641
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Stanley S. Hanna
PICNS-73, Vol. I, p.417 (1973) Asilomar

EL EM. STM.

16

METHOD REF. NO.

73 Ha 15 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P.6 ABX 22 (22.2) D 11 (10.8) NAI-D 90

Table IV. Summary of cross section measurements for (y,pQ ) and (y,n0 ) reactions on
4He, 12C, and 160. Underlined values are essentially the consensus of
several values.

E
X tf(y,P

0
) in mb a(y,n

Q
) in mb

(MeV) New
a)

Old New Old

4
He 26.0 1.95 ± 0.13 l a

84
b)

2.0
C)

i.o
d)

i2
c 22.5 12.2 ± 1.2 13.4

e)
,8.0

f)

i^.
g)

6.0
h)

16
o 22.2 9.6 ± 1.5 S.8

15
,12.2

j) ~7.2k) 9.1
h)

.7.2
1)

a) Ref. 25 e) Ref. 34 i) Ref. 39
b) Refs. 30-32 f) Ref. 35 j) Ref. 40
c) Refs. 22-24 g) Ref. 36,37 k) Ref. 41
d) Ref. 33 h) Ref. 38 1) Ref. 42

See also 730cl which gives a(y,p
Q ) = 12.8 mb.

Note Stanford annual report to NSF dated August 1974 withdraws the
cross section values quoted here for 0-16.

(over)

form N3S-418
IR EV. 7. 1 4-«41

USCOMM-NBS-OC PH0T0NUCLEAR DATA SHEET 492
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C. Hennner, R. Stock, K. Wienhard, H. Wolf
PIGNS-73, Vol.I, p. 265 Asllomar

METHOD

EL EM. SYM. A

0

REF. NO.

16

z

8

73 He 10 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P SPG 12- 30 C 30 TEL-D 90

Fie;

.

2 . Proton energy spectra from the

The data are corrected for the

16_, ,15.,reaction 0(Y,p)

energy loss in the target.

form N3S-418
<R EV. 7-1 4-64)
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ref. R. Nath, G.W. Cole, F.W. K. Firk, R.J. Holt, H. L. Schultz
PIGNS-73, Vol.I, p. 163 Aallomar

EL EM. SYM.

16

METHOD REF. NO.

73 Na 6 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

t G.N NOX 15- 28 D 30. 64 TOF-D dst

POLARIZED G.S. NEUTRONS

See other side for figure.

form N3S-4I8
(R EV. 7-1 4- <41

USCOMM-N8S-OC PHOTONUCLEAR DATA SHEET 495
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0,00

0,20
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Y FINAL RESULTS

E=30 REV. PNCLE=45 QEG

PROTON DATA
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F ««. I

496



REF.
W. J. O'Connell, G. L. Latahaw, J. L. Black, S. S. Hanna
PICNS-73, Vol.II, p. 939 (1973) Aailomar

ELEM. SYM.

16

REF. NO.

73 O'C 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G ABX 20- 29 D 8- 18 NAI-D DST

Table I Resonance Parameters Extracted from Fit

Ex(HeV) T(MeV)

r

(r + r )rU
p;£=0

1
p;A=2

Ji
y (eV)

20.945 ± .002

22.146 ± .005

22.888 ± .013

24.065 ± .030

25.117 ± .065

0.317 ± .006

0.725 ± .008

0.320 ± .014

0.591 ± .036

3.15 ± .320

21.0 ± 4%
488.2 ± 4%
68.8 ± 7%

130. ± 10%
651. ± 18%

E
x (16q ) (MeV)

20 22 24 26 28

£,('*0) (MaV)

[
U| 1 r

- 0.2 - .«

-0.4 -

-0.6- “<*'

-0 . 8 -

~ 1.0'-

* 0.2

1 1 1 1 1 r-

°3 0
- 0.2
-0.4
-0.6

l,ifj,|l|A-
s 9 10 11 12 13 14 15 16 17 18

Ep (MaV)

j I

Fig.l Legendre coefficients fcr
i=N(p,y0 ) angular distributions fitted
up to 1=3. The curve is drawn to guide
the eye.

Fig. 2
15
N(p,y0 ) total cross section, fitted in the ^nterval Ep = 8.3 - 16.25

MeV with a Breit-Wigner resonance formula with five J =1" resonances . Q7
U.S. DEPARTMENT OK COMMERCE

NATIONAL BUREAU OF STANOAROS



S.H. Chew, J. Lowe, J.M. Nelson, and A.R. Barnett
Nucl . Phys. A229 , 241 (1974)

REF. EL EM. SYM. A Z

METHOD

0 16 8

REF. NO.

74 Ch 8 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G RLX 21- 30 D 9-19 NAI-D 90

Cross section normalized to 730cl (W.J.JD 'Connell et al., PICNS-73, 939 (1973) Asilomar)

Fig. 3. Excitation functions from the present work for
iaN(p, y0 )

lsO and iaN(p, +y2 )‘
sO

(E, > 10 MeV). For E, < 12 MeV, the yield curve from ref. ') is shown. The peaks denoted y2

have been found by coincidence measurements to decay through the 6.13 MeV, J™ = 3“ state. The

coincidence yield curve for
1

5

N(p, y2Xs.is)
l40 is also shown.

Data on 1

3

C( 3He,y^+2) and

13 .

also given.

1

A.R. Barnett and N.W. Tanner, Nucl. Phys. A152 (1970) 257

Abstract: Measurements are reported of the excitation function for iaN(p, yj+yj) 1^. Together
with earlier data, the range £, = 6-19.6 MeV is covered and is found to contain seven
resonances. Coincidence measurements are described which, together with other data, establish

that all seven decay to the Jn = 3“ state at 6.13 MeV. One of these states is tentatively identified

as the giant M2 state observed in inelastic electron scattering. Three higher states are attributed
to the (lpj -1 lfj) excitation. The excitation function for 13C( :JHe, is aiso given for

•&h« — 4-12 MeV. One resonance is found, which probably decays to the J” = 0 + state at

6.05 MeV, and, if so, is part of the deformed giant resonance in ieO.

form N3S-418
IP EV. ?-l 4-S4)
USC OMM.OC 20 0 I 0* PS 4 PH0T0NUCLEAR DATA SHEET 498
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V. DiNapoli and M.L. Terranova
J. Inorg. Nucl . Chem. 36, 3633 (1974)

ELEM. SYM.

16

METHOD REF. NO.

74 Di 7 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,Cll ABY THR* 1 C 300* 1 ACT-I 4PT

1=1 GEV

Fig. 1. Cross section per equivalent quantum aQ vs the

bremsstrahlung maximum energy. Curve a is an eye-fit of

the present work values (open circles) for the reaction
J1Nat;\2p 3/i)‘’F. Curve b is an eye-fit of the present work
values (open triangles) and the values taken from Ref. [2]

(filled triangles) for the reaction
27

Al(y, 2p 3n)22Na. Curve c

is the best-fit of the present work values and values taken from

Refs. [IS. 20-22[ for the reaction
1

~C(y. 2p 3n)
T
Be: for the

sake of simplicity, experimental points have not been

reported. Curve d is an eye-fit of the present work values

(reversed open triangles) for the reaction l6
0(y, 2p 3n)' 'C.

2
V. di Napoli, A.M. Lacerenza,

F. Salvetti, H.G. de Carvalho,
and J.B. Martins, Nuovo Cimento
Lettere 1, 835 (1971)

.

18
V. di Napoli, D. Margadonna,

F. Salvetti, H.G. de Carvalho, and
J.B. Martins, Nucl. Inst. Meth. 93 ,

77 (1971).
20

V. di Napoli, F. Dobici, 0. Forina,
F. Salvetti and H.G. de Carvalho, Lett.
Nuovo Cimento 55B , 95 (1968) .

21
V. di Napoli, Nucl . Inst .Method 69 ,

155 (1969) .

22
V.I. Noga, Yu.N. Ranyuk, P.V. Sorokin,

and V.A. Tkachenko, Ukr. J.Phys. 16 ,

1850 (1971) in Russian.
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REF.
P. Dyer and C.A. Barnes
Nucl. Phys. A233, 495 (1974) EL CM. S YU.

0 16

METHOO REF. NO.

74 Dy 6 egf

REACTION RE5ULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

A,G ABX 8- 10 1- 3 NAI-D DST

Table 1

l2C(tx,y),60 angular distribution parameters

(MeV)

cos in

2.18 0.10±0.10 100
-S:?5

2.42 0.14±0.05 0-80

2.56 0.36±0.06 °-22-o:i2

2.83 0.58 ±0.05 0 g 1
+

oo
o
h*

<0

M

Fig. 6.
12C(cc, y)

lfO angular distributions. The solid curves are fits to the data obtained by

assuming interference between 1“ and 2* capture amplitudes, taking into account the finite size

of the detectors. The dashed curves indicate the same angular distributions as they would be

measured by a point detector. Yield is in arbitrary units.

Fig. 8. Measured electric dipole contributions to the lIC(a,>>) l60 total cross sections and the
hybrid” ^-matrix optical-model fits. The data are indicated by circles. The solid curve is the best

fit to the data, with y
2 per degree of freedom = 1.0. The dashed curve is a fit in which the reduced

a-width of the bound 7.12 MeV state is constrained to zero, and the remaining parameter is free
to vary; x

2
P«r degree of freedom is 8.5. The theoretical curves for the three-level ^-matrix fits

are qualitatively similar.

form N3S-418
‘P EV. 7-1 4-64)
USC OMM-OC 28010-P64

(over)

U.S. DEPARTMENT OF COMMERCE
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25
T.A. Tombrello and G.C.

Phys. Rev. 122 (1961) 224

Fig. 7. Variation of the ratio with c.m. a-«nergy. The circles indicate the values derived

from the angular distribution measurements. The solid curve shows the values calculated from the

E2 direct capture formulation of Tombrello and Phillips **), with 0a
2
(g.s.,

wO) = 0.04±0.01, and
the three-level Tf-matrix fit to the El contributions.

Table 2

I2 C(s, y)
l60 electric dipole cross sections

fMeV)
<rE i (nb)

1.41 0.29± 0.10

1.50 0.64±0.14
1.64 1.09 ±0.1

7

1.73 1.71 ±0.60
1.79 2.09 ±0.40

1.81 2.49 ±0.25
1.87 2.93±0.31

1.87 3.25 ±0.50
1.95 4.92 ±0.40
1.96 3.90±0.60

2.03 7.04±0.60

2.04 8.34±0.65

2.08 9.10±0.60

2.11 14.17±0.70

2.15 1 6. 1 3 ± 1 .30

2.18 19.50±0.81

2.26 28.91 ±1.01

2.32 39.53 ±1.31

2.42 37.06 ±1.61

2.49 3 1 .23 ± 1 .22

2.56 20.98 ±1.33

2.78 8.41 ±0.73

2.86 6.66±0.70

2.94 5.69±0.75

Phillips,
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Her.

S. S. Hanna, H.F. Glavish, R. Avida, J.R. Calarco,
and R. LaCanna

Phys. Rev. Letters 32, 114 (1974)

METHOD

E. Kuhlmann

16

REF. NO.

74 Ha 1 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

$ P,G ABX 20- 28 D 8- 16 NAI-D DST

POLARIZED PROTONS

Measurements on the polarlzed-proton capture reaction 15N(p,y0 )
lsO indicate a broad

E2 resonance which lies above the giant El resonance of lsO. The measurements show
that the E 2 radiation for the (y ,p a ) channel of ,sO exhausts approximately 30% of the quad—
rupole sum rule.

FIG. 2. Top: total cross section curve of 15N(p,y) ,sO
(Ref. 8). Middle: plot of total E 2 cross sections de-
rived from the analyses in Table I. Bottom: plot of the
phases of the partial-wave amplitudes for proton cap-
ture leading to E2 radiation.

8 DEGREES (over)
FIG. 1. Plots of a(9) and <r(8)A{0) measured at three bombarding energies (listed at top) in the polarized-proton

capture reaction N(p,y) O. Where error bars are not shown the errors are of the same order as or smaller than
the dot size. The analysis of these and all the data is given in Table I.

P ARTMENT OF COMMERCE
L BUREAU OF STANOAROS
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TABLE I. Unpolarized and polarized angular-distribution coefficients.

E
P

a
l *2 a

3
a
4

8.69 -0.051 ± 0.013 -0.528 ± 0.030 -0.205 ± 0.026 -0.022 £ 0.037

9 . S0 0.078 ± 0.029 -0.248 + 0.048 0.129 ± 0.033 -0.053 ± 0.035

10.10 0.051 ± 0.014 -0.537 0.022 -0.161 ± 0.021 -0.017 0.026

10.40 0.019 ± 0.005 -0.566 ± 0.007 -0.073 * 0.009 -0.040 0.010

11.50 0.203 * 0.066 -0.403 ± 0.011 -0.111 ± 0.011 -0.072 + 0.015

12.60 0.158 ± 0.007 -0.640 0.015 -0.156 t 0.015 -0.022 4> 0.023

13.00 0.208 ± 0.016 -0.607 ± 0.017 -0.178 0.034 -0.073 + 0.025

14.50 0.301 ± 0.017 -0.603 ± 0.034 -0.142 ± 0.030 -0.022 0.027

15.70 0.324 ± 0.029 -0.543 0.079 -0.127 t 0.043 -0.075 0.074

E b .
b . b. b

p 1 3 4

8.69 0.066 * 0.014 0.233 ± 0.009 -0.045 + 0.009 -0.003 ± 0.009

9.50 0.064 ± 0.018 0.326 + 0.008 0.000 ± 0.009 -0.010 0.009

10.10 0.046 ± 0.010 0.267 0.008 -0.010 ± 0.009 -0.002 ± 0.006

10.40 0.022 ± 0.006 0.301 + 0.004 -0.015 ± 0.004 0.003 0.003

11.50 -0.006 ± 0.008 0.297 + 0.006 0.043 ± 0.005 -0.002 ± 0.005

12.60 0.061 ± 0.013 0.248 ± 0.007 0.011 ± 0.009 0.015 ± 0.006

13.00 0.064 ± 0.013 0.281 ± 0.008 0.037 ± 0.008 -0.004 ± 0.007

14.50 0.017 ± 0.020 0.246 ± 0.010 0.032 ± 0.017 0.027 > 0.010

15.70 0.017 ± 0.018 0.244 ± 0.020 0.062 ± 0.020 0.030 + 0.012

a(0) = [a u (0) + a <1
(0)]/2

= 4o
[l + Ea*P*(cos0)],

<j(9)A(0)=[ou(6)-od(9)]/2P

"Ao&bkPk'Q),

(1 ) 8
W. J. O'Connell, Fh. Q. Thesis, Stanford University,
1969 (unpublished).

(2)
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A. Hotta, K. Itoh, and T. Saito

ref
Fhys. Rev. Lett. ^3, 790 (1974)

EL UA. JYM.

0 16

METHOO ner. no.

74 Ho 3 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OCTECTOR
ANGLE

E,E/ FMF 9- 42 70-250 MAG-D B6T

FIG. 3. (a) The longitudinal form factor for a range

of 20—30 MeV as functions of q. The Darmstadt data

are also plotted. The square shows the result of the sub-
traction of the £1 contribution from the experimental

values. Also shown is the theoretical q dependence of

the form factor for the £1 and £2 resonances, (b) The
transverse form factor for the same range as for (a)

.

The Stanford data and the photonuclear data are shown
together with theoretical results calculated using the

Goldhaber-Teller model (dash-dotted line) ,
the general-

ized Goldhaber-Teller model (dashed line)
,
and the par-

ticle-hole model (solid line).

LONG,TRANS FMF. B(E2)~

TABLE I. B(E2 ) , £(£ 2) in Weisskopf units, and energy-weighted sum-rule

(EWSR) limits.

(MeV) BIS 2) B(E2)/BW(E2) £r£(£2)/EWSR

6.92 2* 36±4 a 3.0 0.11

9.85 2* 0.67 ± 0.27 a 0.056 0.003

11.52 2* 25.67 ± 2.83 b 2.1 0.13

13.15 2* 13.8 b
1.2 0.08

15.15 2* 8.1± 4.1 c 0.68 0.05

16.46 2* 2.7 ±0.9 c 0.22 0.02

18.5 2* 5.1 ± 0.5 0.43 0.04

SUM 0.43

20-30 2* 20 ± 8 1.7 0.21

a Ref. 14. bRef. 15. c Ref. 12.

(over)

NUCLEAR DATA SHEET 504
u.s. departmentof commerce

NATIONAL BUREAU Or STANOARDS



FIG. 2. The longitudinal form factors \wL(q,u) |

2
for electroexcitation in lsO from this experiment Is shown as

data points. The arrows show the positions of the form-factor peaks below £'
I = 20 MeV. The middle and the lower

solid curves show the total photoabsoTption cross section and the continuum, respectively.

12
M. Stroetzel and A. Goldmann, Z. Phys. 233 , 245 (1970).

14

M. Stroetzel,
15

Z. Phys. 214, 357 (1968).

J.C. Kim, R.P. Singhal, and H.S. Caplan, Can. J. Phys. 48, 83 (1970).
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C. Rolfs and W. S. Rodney

Nucl. Phys. A235 , 450 (1974)

elem. sym.

16

METHOD REF. NO.

74 Ro 5 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G ABX 12- 15 D 0-3 SCD-D DST

Abstract: Excitation functions of the 13N(p, y)
ltO proton capture reaction have been obtained at ' 1 053

07 =* 45° and E, = 150-2500 keV. Below Ep = 400 keV, the reaction is dominated by capture
~

into the ground state of “O. The observed excitation function for the latter process can be
explained if, in addition to the two well-known J* — \~ resonances at Ep = 338 and 1028

keV, a direct radiative capture process (DC -*• 0) is included in the analysis. The direct capture

component in the capture reaction is enhanced through interference effects on the tails of the

two resonances. From the observed direct capture cross section, a single-particle spectroscopic

factor of CJ5(lp) = 1. 8;±:0.4 has been deduced for the ground state in,
lsO. The extrapolated

astrophysical S-factor of 5(0) = 64^6 keV b for the 15N(p, y0 )
I4O reaction is a factor of

2.5 larger than previously reported. This result amplifies the role of the oxygen side cycle in

the CNO hydrogen burning process.

The observed excitation function of the 13N(p, a l :
,

i)‘
JC reaction at Ep = 150-2500 keV

shows that this reaction makes a negligible contribution to hydrogen burning at stellar energies

[5(0) « 0.1 keV • b] compared to liN(p,

y

0 )
lsO and 13N(p, a0 )

IJC.

form N3S-418
(REV. 7-14- 64)

USCOMM-N as-oc 506 the eye. The insets show the y-ray angular distributions observed at Ep = 2.10 MeV.
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H. Schier and B. Schoch
Nucl. Phys. A229 , 93 (1974)

REF.

Page 1 of 4

EL EM. SYM.

16

REF. NO.

74 Sc 8 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR

E.»IL ABL 5Q-15Q .63,=15 Q. -IQ£=a. DST

300-

200-

100 -

Yield

i

Eymax = 123 M«V
0n- 40.2 °

(y.2nl (v.np) (v-.n)11 I 1

30 90

lY*(d

400

300-

200- f

100 -
:r,2njf l.-.np

} i!

30

i6q

E r max = 63 M«V

9 n - 1427°

If. n)

40 50

PHOTON DIFF.

300-

200-

100 -

Ey max - 63 M«V

0 n = 113.5“

(y.2n) ;
I

j-. n pi ( ,-,n)

'

'

!!
. t

i

—

30 40 50

400-

300-

200 -

100- (y.2ni (j-rji.

J !_

Ey max =63 MeV

9 n =90“

ty.nl

30 HO 50

400-

300

200-

100-

E r max = 63 M ev

9 n “ 402“

lj-,2n I ( y
np) I ly n|

• 111
Li_x_

30 40 50 MeV En

Fig. 4. Measured neutron yield. The data selected here qualitatively show the energy and angle

dependence of the processes under investigation.
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Fig. 14. Cross section for the photoproduction of neutrons by quasimonochromatic photons. The

solid lines are calculations from the quasi-deuteron model for the l6
0(y, npj^O reaction. The

neutron energy where the contribution ofthe lsO(y,n) lsO reaction is expected is marked by an arrow.
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Fig. II. Cross section for the direct ltO(y, n) ,sO reaction. The lines are calculated using the

modified quasi-deuteron model described in subsect. 3.5.
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TYPE RANGE TYPE RANGE

He ,G ABX LT\
-=t
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FIG. 25. Total cross section and anisotropy coeffi-
cients for the reaction 13C(3He,Y 0)

u
O. Shown are the

results of fitting the ,3C(3He,y
0)

18O angular distributions
«Tth da/dn = (a/4ir)(l +£ (cos«)| . Errors are
wholly statistical.

TABLE HI. Average cross sections of radiative cap-
ture reactions In ,s0 and their ratios.

HE=HE3, b LEVELS

Reaction

Energy Average 90* differential

range cross section (pb/sr)

(MeV) y0
decay y,_< decays

t5N(p,y) lsO

l3C(3He,y)' sO

20-29 1

24.5-

29*

23.6-

35 c

24.5-29

3.45

2.31

0.105

0.184

22.9 b

0.95

1.85

Ratios of cross sections averaged over the energy

Interval 24.5-29 MeV

_ _ <7[
l3C(3 He.y,) 16

0| , „

a[
,4
N^.yo)'‘01

_ _ <i(
15
N(f).y,-,)

l6
0| , „„=

cl
15N(p.y,)“01

~ 1 -2j

_ _ g[
l3C(3

He.y,-,,)
ls
01 ...

Hi!3
o[
uC (

JHe.y
0 )

1

”O]
0,0

* O’Connell (Ref. 11) normalized by factor of 1/1.6.
b O’Connell (Ref. 11) normalized by comparison with

15N(£ ,yi_2)

lsO of Tanner and Barnett (Ref. 10).
c This work plus data of Puttaswany (Ref. 23) normal-

ized to ours in region of overlap (1/1.6).

Eex (MeV)

30 31

7 —

8 10

Eh, lob (MeV)

FIG. 14. 90* differential cross section for the reactions 13C(3He. y,. 4 )
,6
0. The cross sections of the four unresolved

transitions are summed. Error bars represent statistical errors only. Horizontal bars signify the target thicknesses. (over)
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FIG. 13. 90* differential cross sections for the reaction l5C(3 He, y0
)'‘O. Errors assigned to the cross sections ««

wholly statistical. Horizontal bars represent the target thicknesses. The Inset depicts a fine- step excitation unc

acroM the region of greatest structure, 3.0 <£*<4.5 MeV; Its ordinate Is In relative units.

20 <0 «0 10 >00 >20 >40 >«0

^**4- 19. Angular distributions of the reaction I5C(3He, Yo)'*0. Data are shown as bars, the height of which represents
•tatlstlcal errors. The solid lines are Legendre polynomial fits, da/da -<4

0

Cjt».) . Units are arbitrary.

10
N.W. Tanner, G.C. Thomas, E.D. Earle, Nucl. Phys. 52 , 29,451

(1964); A.R. Barnett and N.W. Tanner, Nucl. Phys. A152 , 257 (1970);
E.D. Earle and N.W. Tanner, Nucl. Phys. A95 , 241 (1967).
11

W.J. O'Connell, Ph.D. thesis, Stanford University, 1969 (unpub.)
23

N.G. Puttaswamy, Ph.D. thesis, Stanford University, 1966 (unpub.);
N.G. Puttaswamy and D. Kohler, Phys. Lett. 20, 288 (1966).
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REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

A, G ABX 12- 28 D 7- 28 NAI-D DST

/Q7S

E
x
(MeV)

FIG. 1. (a) Measured cross section at 52’ for
l2
C(«,

0.') excitation curves for o-£
1
(52“), <7^ (52')

;

(c) coso. The absolute normalization (in /jb/sr) is given

by <j(52') = 14.10 -0.22 Ex (McV) ]x 10* 4 x counts/mC.

T.O £2 STRENGTH IN "0 -

III:XL

to IS 20
E-(MeV)

/0 7<Z>

/0 77
78

/oSo
/O?/

FIG. 2. Top, measured £2 strength (solid bars) and

estimated strength (dashed bars). Bottom, measured
and estimated £2 strength summed over 5-McV inter-

vals.
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A. De Miniac
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METHOD REF. NO.

74 Ve 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

* G,N ABX 15- 37 D 15- 37 BF3-1 4?I

** G.2N ABX 29- 37 D 29- 37 BF3-I 4PI

*** G,NP ABX 23- 37 D 23- 37 BF3-I 4PI

! I
1 1

1
1

* 879+
** 877 f

*** 878

Fig. 1. Partial photonuelcar cross sections [u(y, n)-r-<7(y, pn)]. a(y, pn) and a(y, 2n) of ,60
obtained by means of neutron and ji* measurements, as explained in the text.

Fig. 22. Ratio of experimental integrated phoconcutron cross section cr0
" over the Thomas, Reiche

and Kuhn sum rule [0.06 NZIA], Numerical values and upper integration limits £M are taken from
table 3. Also /J<j0

" = ±7% for all nuclei.
514
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Fig. 24. The [ero"/(0.06 NZjA )] ratio as a function of isospm T. Possible overall errors of ±7“ . a a

to be applied to all nuclei shown.

Table 3

Experimental integrated photoneutron cross sections cr£ = jg
M

<T
Tn(£)d£ compared with the

classical sum rule (0.06 NZjA] of Thomas, Reich and Kuhn

II o T=i 7-=} 11 ii

Nucleus 16Q 20Ne 2S
Si

2IS i0Ca 19F “Na 17Al Sip J9K AJSc
'l0Ar

1 3.V

ff0
" 58 42 94 98 100 108 137 158 1S2 210 333 393 602

(MeV • mb) ±4 ±3 ±1 ±7 ±9 ±10 = 12 ±14 ±25 ±23 ±42

ffo7(0.06iVZM) 0.24 0.14 0.22 0.21 0.17 0.38 0.40 0.39 0.39 0.36 0.57 0.66 0.3

(MeV) 30 26.7 30 30 29.5 29 30 30 29 30 28.1 -6. f 28
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REF. NO.
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75 Ah 3 egf

REACTION RESUL T
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G, MU-T ABX 10-160 C 140-275 MGC-D 4PI

Table 2

924+

The moments of the experimental nuclear cross section distributions integrated from 10 MeV to the

energy £, and their statistical errors

£ Z-i I- 1 Zo I*:
(MeV) (mb/MeV) ±(%) (mb) ±<%) (mb- MeV) ±(%) lb- MeV-) ±(%) (b- MeV J

) +(%)

Li 100 0.196 1.1 4.64 1.0 143 1.7 5.82 3.1 305 5

140 0.197 1.1 4.79 1.0 161 1.9 8.03 3.4 577 5

210 0.198 1.1 5.03 1.0 206 2.0 16.60 3.7 2220 5

Be 100 0.192 2.5 5.19 1.5 173 2.0 7.11 3.4 362 5

140 0.194 2.5 5.33 1.5 189 2.1 9.09 3.6 600 6
210 0.195 2.5 5.58 1.5 236 2.1 17.80 3.5 2240 5

C 100 0.313 1.7 8.81 1.1 291 1.6 12.00 2.9 630 4
140 0.316 1.7 9.18 1.2 334 2.2 17.10 5 1250 7

O 100 0.580 1.6 14.50 1.3 432 2.0 16.00 4 748 8

140 0.585 1.6 15.10 1.3 508 2.5 25.20 5 1880 8

A! 100 1.10 1.8 25.70 1.5 739 2.6 27.9 5 1400 8

140 1.11 1.8 26.3 1.7 807 3.9 36.4 9 2450 16

Ca 100 2.22 1.2 45.5 1.5 1120 3.6 34.9 9 1430 18

140 2.23 1.2 46.8 1.7 1290 4.6 56.6 11 3710 19

50 100 150
Fig. 5. The same as fig. 2 lor O.

form N3S-418
(R EV. 7-1 4-64)

USC OMM«N QS-O C

Fig. 2. Total photonuclear cross section for natural Li. The error bars

indicate one standard deviation of counting statistics from the main

spectrometer. The dashed lines along the abscissa indicate the uncertainty

due to counting statistics in the normalizing spectrometer. Oscillations of

the base line within this area are possible, the period of these oscillations,

however, must not be smaller than 10% in photon energy. The dashed

and dotted lines through the cross section values have been drawn to guide

the eye.
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METHOD
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75 Jo 2 hmg

REACTION RESUL T
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N ABX 16- 28 C 22- 31 TOF-D 98

Excitation Energy (MeV)

Fig. 1. Results of the present measurement of da/dfl(98°) for the 160(?,n) is0 reaction at bremsstrahlung endpoint
energies of (a) 22.5 MeV, (b

)

26.5 MeV, and (c) 30.5 MeV compared to (d) do/d£2 (90°) for
l6
0(Y,n)'

sO (Firk 1964);

(?) do/dfi (90°) for
14
0(Y,p)

i5N (Thompson and Baglin 1967), and (/)
' 6
0(v,n)‘

40 total cross section (Ishkhanov et a!.

1971 b).
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Table 2

Experimental energies of the strongest peaks in the 160 giant resonance.

Ref. Stanford2*) GieOen41 ) Livermore42) Livermore43) Saclay34) This exp.

Exp. (P.Xo) (y.p) (V.n) (y.n) (y.n) (y. n)

Energies 20.945 ±0.002 20.86 ±0.05 20.8 21.02 20.9 20.9 ±0.1

(MeV) 22. 146 ±0.005 22.1 6 ±0.05 22.1 2234 22.2 22.2 ±0.1

22.888 ±0.01

3

22.88 ±0.05 23.1 ?
*>

22.9 ±0.1

24.065 ±0.030 24.04 ±0.05 24.0 . 24.22 24.1 24.05 ±0.1

25.1 17 ±0.065 25.0 25.15 25.2 25.2 ±0.1

28
W.J. O'Connel, G.W. Latshaw, J.L. Black and S.S. Hanna,

Proc. of the Intern. Conf. on Photonuclear reactions and
applications (Asilomar, 1973) (ed. by B.L. Berman) vol.II,

p.939.
34

A. Veyssiere, H. Beil, R. Bergere, P. Carlos, A. Lepretre
and A. de Miniac, Nucl. Phys. A227 (1974) 513.

41
K. Wienhard (Giessen) ,

priv. communication; K. Bangert,

Diploma Thesis (Giessen, 1974)

.

42
J.T. Caldwell, R.R. Harvey, R.L. Bramblett and S.C. Fultz,

Phys. Letters 6_ (1963) 213.

43
R.L. Bramblett, J.T. Caldwell, R.R. Harvey and S.C. Fultz,

Phys. Rev. 133B (1964) 869.
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TYPE RANGE TYPE RANGE

E,E/ LFT 6- 7 D 38- 60 MAG-D DST

6.05,6.13,6.92,7.12 MEV
Inelastic electron scattesing with high energy resolution (FWHM = 30 keV) has been used to study the states at

6.05(0*), 6.13(3") and 6.92(2*) McV excitation energy in
160 for momentum transfers q = 0.22 - 0.4? fm" . The

experiment yields a new determination of reduced transition probabilities and radiative widths for ground-state tran-

sitions.

Table 1

Reduced transition probability, transition radius and giound-state radiation width from IS 0(e, e'). For comparison the results Irom

lifetime measurements are quoted.

/* Ex B(CX, it; 0* - in T°(eV)

(MeV) (fm-^) (fm) present work from lifetimes

0* 6.05 3.55 ± 0.21 a) 5.4 ±0.4 (8.5 ±0.5 ) X 10" 3 a) (8.7 ±0.8 ) X 10" 3
[15 j

3" 6.13 1490 ± 70 4.22 ± 0.17 (2.60 ± 0.13) X 10" 5 (2.63 ± 0.21) X 10" 5
[16]

2* 6.92 39.3 ± 1.6 4.06 ± 0.16 (1.00 ± 0.04) X 10* 1 (1.10 ± 0.05) X 10" 1
[13]

r 7.12 (3.6 ± 1.8) X10" 4
(4.6 ± 2.3) X 10" 1

,
(6.2 ±0.5 ) X 10" J

[13]

a) Matrixelement and radiation width. calculated after ref. [20],

20
R.H. Dalitz, Proc. Roy. Soc . A206, 521 (1951).

Fig. 2. Square root of the reduced transition probability as a

function of the square of the momentum transfer. Open circles

represent the experimental points with statistical errors and
the full circle is the result of the extrapolation to the photon
point. Note the difference in the ordinate scale and the sup-
pressed zero.
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and O. Titze
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75 Mi 7 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.E/ FMF 7 D 38- 60 MAG-D DST

7=7.12

The isospin-forbidden electroexcitation of the l~, T- 0 state at 7.12 NleV in
IS0 has been studied for momen-

tum transfers q = 0.22 - 0.49 fm
_1

. The form factor at these momentum transfers is determined by the sum of the

isospin r=0 part and a T= 1 contribution. A single particle-hole harmonic oscillator shell model calculation repro-

duces the tf-dependence of the measured form factor which shows that the isovector contribution interferes destruc-

tively with the isoscalar part and has a strength of about 2% of the T = 0 amplitude.

Fig. 2. Form factor F(q) as a function of q
2

. In addition to

the present measurements at the DAL1NAC, data from NBS
(see ref. [7 1 and F(q) at the photon point from the lifetime

of ref. [2] are also shown. The full line is a fit of the har-

monic oscillator model [eq. (1)] to the present data and the

photon point; for the dashed line the photon point is not in-

cluded.

2

7

C.P.

J.C.

Swarm, Nucl. Phys. A150 (1970) 300.

Bergstrom et al., Phys. Rev. Lett. 24_ (1970) 152.
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75 Sc 7 egf

REACTION RESULT
excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABX 62- 66 D 62- 6& TOF-D DST

62.7-65.7 MEV

Table I. — Measured cross-scetions obtained from Fig. 1-5. The photon energy cor-

responds to the maximum value of the difference spectrum.

Nucleus Photon energy Excitation energy da/dD (40.2°) da/d.O (5HT)

(MoV) (MeV) (ub/sr) (pb/sr)

14Q 03.0 ground state 5.0 ±0.75
0-^0. 18 20.7 ±3.1

i-C 62.75 ground state 11.1 ±0.8 7.8 ±0.36

0-i-4.79 22.5 ± 1.1 17.1 ±0.56

•Be 61.25 ground state 0.8 ±0.13 0.85 ±0.1

0~(t, np) threshold 3.4 ± 0.3 4.1 ±0.22

Fig. 1. - Cross-section for the photoproduction of neutrons in “O by quasi-inonochromatic photons.

The dashed lines show the photon spectrum fitted to tho ground state and the 8. IS MeV level in llO,

and the solid lino gives the sum of both levels. A calculation for the (y, np) reaction based on a quasi-

deuteron model is indicated by tho dashed-dotted line. (65.7 -=-62.7) MeV, 0a = 10.2*.
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REF. NO.

75 Sk 10 hmg

REACTION RESUL T
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E , A ABX 17- 26 D UKN MAG-D DST

GND STATE SIGMA

The electrodisintegration cross sections, '‘Oie.aoJ^C.e' and J0Ne(e.a0 )
,‘O,e', have been

measured and, by using virtual photon analysis, a comparison with photodisintegration experi-

ments has been made. Satisfactory agreement with earlier ,2C(a,y0)'‘O experiments was found

and the "Nely.Oo) 1 *© reaction reveals several pronounced resonances.

E x (MeV)

Fig. 1. Comparison of the l40(y,ao) cross sections at

0 = 45° and 90°. The solid line is only meant to guide the

eye.
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76 Fi 4 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P NOX 60-100 D 40-105 UKN DST

The momentum distribution of p shell nucleons in 160 is deduced from measure-

ments of the angular distribution of the
18

0(yj>o) reaction cross section between E
y =40

and 105 MeV. The results are found to deviate from the Elton-Swift distribution.

distributions for Vj = 18 and 36 MeV are shown as
and

, respectively. The Elton-Swift momentum
distribution is shown as .
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REACTION RESULT EXCITATION
ENEROY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N13 ABY THR-999 C 300-999 ACT-

1

4PI

Table II. - Cross-aectione per equivalent quantum oQ for the reaction 1*0(y, p2n)uN.

BremastraMung
energy (GeV)

(7g ((tb) Bremsstrahlung

energy (GeY)

<r, (fib)

0.30 122 ±10 0.60 135±10

0.35 125±10 0.70 145 ±10

0.40 132±10 0.80 143±10

0.45 132±10 0.85 147±10

0.50 132±10 0.95 153±10

0.56 143±10 1.00 151 ±10

T 1 1 1

nominal nucleon lose

Fig. 1. - Values of mean absolute cross-section per nucleon <Tj? as a function of the nominal nucleon loss

(aemi-logarlthmio plot). Open circles: *'A1 target, ref. (*.«,»•); open triangles : "SI target, ref. (•); open

rhomb: "Na target, ref. (’): open rereraed triangles: "S target, ref. (>): open squares: “P target, ref. (*);

filled square: "O target, ref. (*). The straight line Is a least-squares fit of all the experimental points.

The shaded area represents the standard deviation. Filled oiroles with error bars: present-work results

for "O and ”F targets. -

^V. Di Napoli and M.L. Terranova: Journal Inorg.

Nucl . Chem. , 36_, 3633 (1974)

3
V. Di Napoli, G. Rosa, F. Salvetti, M.L. Terranova

H.G. De Carvalho, J.B. Martins and O.A.P. Tavares:

Journal. Inorg. Nucl. Chem., 37, 1101 (1975)

12
V . Di Napoli, A.M. Laderenza, F. Salvetti,

S.M. Terenzi, H.G. De Carvalho and J.B. Martins:

Joural Inorg. Nucl. Chem. 35, 1419 (1973)

Di Napoli, A.M. Lacerenza, F. Salvetti, H.G.

Carvalho and J.B. Martins: Lett. Nuovo Cimento,

835 (1971) 525
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A,G ABX 13- 16 D 6-9 NAI-D 9C

Fig. 4. Comparison of the present data with the results of Kernel el a!.
J
) and Mitchell and Ophd 21

).

The relative normalizations are discussed in the text.

Table 3

Summary of the relative peak cross sections of the 1" resonance [.4 „(7.05)/^< 0(7 . 88)]

Measurement Cross-section ratio

Present work, target I 1.20+0.04

Present work, target II 1.22+0.05

Larson and Spear ') 1.12+0.04

Mitchell and Ophel b
) I.17±0.04

Brochard el cl.
') 0.96

*) Ref. '). ") Ref.
2I

). *) Ref.
2
).

Table 4

Summary of resonance energy measurements

Measurement Lower resonance Upper resonance

Larson and Spear *) 7.05 ±0.02 7.88 ±0.05
Mitchell and Opbel b

) 7.04 + 0.02 7.90 ±0.02
Kernel er al. *) 7.864+0.013
Brochard et at. ") * 7.10 « 7.90

Present work 7.04+0.01 7.880±0.015

*) Ref. >).
b
) Ref.

2
). ') Ref. 2

). “) Ref. *).
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3.5. THE IJ
C(*,7o) ABSOLUTE CROSS SECTION AND TOTAL CROSS SECTION

It was not possible to obtain a measurement of the absolute cross section from the

above data because of the emphasis placed on cosmic ray rejection to minimi2e

background at off-resonance energies. It is difficult to determine accurately how
many of the total interactions within the detector by the y-rays of interest are rejected

due to detection of escape radiation by the surrounding anticoincidence annulus.

Accordingly, a 12.6 cmx 10.2 cm Nal detector, was used to determine the cross

section independently at 90°. The detector was surrounded by lead shielding 10 cm
thick, except for the front face which was 27 cm from the target. The cross section

obtained at 7.05 MeV was 2.1 ±0.5 >xb/sr and, at 7.90 MeV, 1.7 ±0.5 nb/sr. Both

measurements have been corrected for angular distribution effects. The stated errors

arise mainly from the uncertainty in the target thickness and in the extrapolation of

the spectrometer response to low energy in order to determine the total number of

y-ray interactions. The result at 7.90 MeV corresponds to a total cross section of

22± 7 iib, confirming the results ofLarson and Spear and Brochard et al. It is tempting

to speculate that the use of a singly ionized helium beam by Kernel et al. led to

incorrect interpretation of the integrated charge by a factor of two.

D. Larson et al., Nucl. Phys. 56_ (1964) 497.

V. Mitchell et al. , Nucl. Phys. 58 (1964) 529.

Kernel et al., Nucl. Phys. A167 (1971) 352.

Brochard et al. , J. de Phys. 3£ (1973) 363.

V. Mitchell et al., unpublished.
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ANGLE

TYPE RANGE TYPE RANGE

G
f
PG ABI 17- 29 c 29 SCD-D 112

GrN^ ABI 21- 29 C 29 SCD-D 112

Absolute yields based on normalization to
59 Co(y,n) cross

section of Fultz (62Ful) . If newer
S9
Co(y,ln) data from

Alvarez (73A17) is used, yields should be increased by a

factor of 1.41.
Abstract The photodisintegration of 13N through excited states of the residual nuclei

has been studied by measuring the yields of de-excitation y rays in a GefLi) detector.

Cross sections for all observed transitions were deduced from measurements with brems-

strahlung end-point energies ranging from 15 to 35 MeV and account for an integrated

cross section of 44 MeV mb. Bound states in
liN and

1AC with a dominant (lpm)'
1

or (lp 3 , 2 )

_:
configuration are found to be strongly populated. On the whole the results

do not agree well with the meagre existing experimental information or with published

theoretical calculations, with the possible exception of those of Zhusupov and Eramzhyan.

The nature of the states in the
I3N giant resonance is discussed. The 13

N(y, t)
12C*

(4-44 MeV) reaction was also observed and its integrated cross section is - 5% of the

expected value of the El sum rule. Integrated cross sections for
1

6

0(y. "yl transitions

measured at the same time are given. Resonance fluorescence is observed from the
,5N

1007 MeV level, for which f
yo
= 4-2 ± 1-5 eV is deduced.

Table 2. A comparison of cross sections for neutron and proton emission from ,sO
to specific final states, integrated up to 29 MeV, as measured in the present experiment

with errors of - ±30%, with those of Caldwell et al (1967).

, 29 MeV

o d£ (MeV mb)

a

Final

state Present

Reaction (MeV) expt Caldwell el al

160 (y,p)
13N GS — (34-4)

5-3 4-3 49
6-3 23-6 22-3

7-2 20

1

1
7-3 2-2

j

9-1 (20)

9-2 04 1-5

9-9 — (2-4)

10-8 — (2-3)

Total 32-5 34-2

lsO (y.n)
130 GS — (26-7)

5-18 2-1

1

[

3-5
5-24 4-4

I

6-2 12-2 9-4

6-8 — (4-5)

Total 18 9 12 9
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Figure 1. The y ray spectrum, measured in the Ge(Li) detector, from the
13NH 4

l5N0 3 target irradiated with bremsstrahlung end-point

energy 31 MeV. The positions of the peaks for various transitions, and the reactions producing them, are marked.
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F. Borowski , Ch. Schmitt, G. G. Simon, V. Walther, D. Drechsel

,

W. Haxton, R. Rosenfelder
Phj*. Rev. Lett. 38, 742 (1977)
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REF. NO.
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77. Bo 12 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

F
,
P+ R1_X 150-280 D 280 MAG-D dst

E.P- ABX 150-280 D 280 MAG-D DST

Double-differential cross sections for the electroproduction of pions of both charges
have been measured. We compare the data obtained for production near threshold from
12C and ,fO with theoretical treatments employing both shell- model and sum- rule nuclear

descriptions with full inclusion of the final-state interaction.

SIG PI-/SIG PI+

FIG. 1. Double-differential cross sections for pro-

duction of negative pions by 290- MeV electrons from
(a)

|i;0 and (b»
|:C as a function of the plon angle. The

shell-model results (solid line) are compared with the

predictions of the sum-rule results when evaluated

with (dashed line) and without (dotted line) the effective

two-body Skyrme II (Ref. l-l' interaction.

FIG. 3. Same in Fig. 2, but for production of 30.25-

MeV pions from lsO. The theoretical curves are as in

Fig. 1. The sum-rule calculation with the Skyrme n

interaction broaks down for angles above 110". as dis-

cussed in Ref. 15.

14
M. Beiner, H. Flocard, N. van Giai and P. Quentin, Nucl . Phys. A283 ,

29 (1975)

^The discrepancy between theory and experiment also shows up in weak and

electromagnetic excitations of giant dipole states. This is probably

due to complicated many-particl e-many-hole states and can be taken into

account by an overall reduction factor, at least at low momentum transfer.

[See, e.g. , T.W. Donnelly and J.D. Walecka, Annu. Rev. Nucl. Sci. 25,

329 (1975)]. Note, however, that in our calculations we have to include

states well above the giant resonances, particularly in backward direction.
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REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYRE RANGE TYPE HANOI

$ (P,G) ABX 20-24 D 8-13 NAI-D DST

Sharp fluctuations in the coefficients describing the angular distribution and analyzing

power in the reaction l5N(ppol , y,,)
l80 are observed near K

y
* 21 MeV. These correspond

to structure in the total cross section. All these structures can be fitted by Introducing

a narrow secondary doorway state interfering with the primary giant dipole resonance

of ieO.

Pol P, Doorway States

E,(M.v)

FIG. 1. (a) The cross section from Ref. S along with

the fits from Ref. 9 (dashed curve) and the present

work (solid curve); (b> the coefficient a 2
from Refs. 8

and 10 (which agree quite well) along with the fits cor-

responding to those in (a); (O the observed from the

present work and Ref. 10 along with the prediction of

Ref. 9 (dashed line) and our fit (solid curve); (d) the

normalized s-wave amplitude and fit; and (e) the rela-

tive phase od -o, and fit. All solid lines correspond to

the same fit and represent the best
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ternational Conference on Photonuclear Reactions and

Applications , Pacific Grove, California. 1973, edited

by B. L. Berman (Lawrence Livermore Laboratory,

Livermore, Calif., 1973), Vol. 2, p. 939.
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61B, 420 (1976).
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Abstract: Previous data on excitation functions for
15
N(p, y, + y 2

)"‘0 have been extended to cover the

energy range E
?
= 6-22 MeV (E,

= 18-33 MeV). In addition, angular distribution measurements

have been made throughout this range, and y-y angular correlation measurements made over the

region of a resonance at E
?
= 8.86 MeV. From the data, and from comparison with other work,

spin assignments are made for resonances as follows: £, = 18.02 MeV. J = 3: £, = 13.98 MeV,
J = 2, 4; £, = 19.90 MeV, J = 3; £, = 20.43 MeV, y* = 2

‘
: £, = 24.77 MeV, y* = 2*. 4*;

£, = 26.42 MeV, y* = 2*, 4* and £, = 27.36 MeV, J * = 2*. 4*. Radiative widths are also

deduced. The region £, = 23-32 MeV is identified as a giant dipole resonance on the 6.13 MeV,
JM «= 3", T = 0 state of l60 from angular distribution measurements. The nature of this giant

resonance is discussed and it is compared with the ground-state giant dipole resonance; it is shown
that the main part of the excited-state giant resonance can be accounted for by broad states with
y* = 2* and 4* with configuration (lp^

;2(2p, 10) in this region.

Table l

Level parameters for resonances in
l5 N(p. y 2

)'®0

E, (MeV) E, (MeV) r..m .
(keV) A 9 0rb/sr) rjr y* T r

71
(eV)

6.29 ±0.02 18.02 ±0.02 « 40 5.0± 1.7 0.38 3 0, 1 4± 2

7.31 ±0.02 1 8.98 ± 0.02 < 40 2.2±0.7 1

{4
0. 1

(<2
U 1

8.29±0.02 19.90±0.02 75 ± 30 4.9±2.1
f < 0.45

1 > 0.22
3 0. L |

5* 12

U 23

8.86 + 0.03 20.43 ±0.03 1 90 ± 40 6.7 ±2.2 0.45 2‘
l 120 ± 45

1 3.49 ±0.06 24.77 ±0.06 340± 55 7.1 ±2.4 0.25
J
r 1 ( 230 ± 90

14* 1 1 30 ± 50

15.25 ±0.08 26.42 ±0.08 530 ± 80 9.4±3.l 0.23
(2*

f
2*

1

4*

1

f 740±240
1 4 1 0 ± 140

16.25 ±0.10 27.36 ±0.10 825 ± 1 15 8.7 ±2.9 0.25 1 1
1070±380

1 590± 210
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Fig. 2. The 90' excitation function Legendre coefficients for
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N(p, '/
0 )
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Fig. 3. The 90- excitation function and Legendre coefficients for
l 5N(p, 7 , +7j)
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D.J.S. Findlay and R.O. Owens

Nucl . Phys. A279 , 385 (1977)
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REACTION PEi'JLT
E x Ci tjtion
ENE rCY

SC J r< C E C E TECTO =

AMCL £
'WPE SJNCi

G,P ABX 40-105 C 40-105 MAG-D DST

Tabu 1

The 1S0 (y, p0)
l3N reaction cross sections

£j
Ub (MeV) Qua (deg) ffu, Ob)

40 45.0 44.1 ±1.3

50 45.0 21.2 ±0.7

60 65.8 ±2.0

30.1 11.04 ±0.63

45.0 12.30 ±0.69

60.1 10.92 ±0.73

75.0 6.94 ±0.47

90.0 4.12 ±0.23

105.2 2.00 ±0.15

120.0 0.953 ±0.076

135.1 0.405 ±0.040

149.9 0.200 ±0.025

70 45.0 6.97 ±0.45

80 13.95±0.74

30.2 3.07 ±0.29

45.0 3.34 ±0.33

60.0 2.38 ±0.25

75.0 1.16 ±0.14

90.1 0.478 ±0.061

105.1 0.135 ±0.027

120.0 0.0554±0.0106

135.1 0.0249 ±0.0059

150.0 0.0096±0.0029

90 45.0 2.04 ±0.14

95 45.0 1.45 ±0.18

75.0 0.331 ±0.062

105.0 0.0401 ±0.0096

100 4.36±0.59

30.0 1.39 ±0.20

45.0 1.14 ±0.18

60.0 0.589 ±0.114

75.0 0.140 ±0.033

90.0 0.0883 ±0.0175

105.0 0.0288 ±0.01 38

120.0 ^ 0.0451

135.1 0.0154±0.0042

105 45.0 1.12 ±0.17

(over)



(I? )«,<>*/» >

Fig. 2. Angular distributions of the lsO (y, p0) reaction at £
?
u* = 60, 80 and 100 MeV.The calculations

of Hebach it al. (see text) are also shown. (These theoretical curves have been computed from He-

bach’s results at neighbouring energies.)

535



B. Johnsson, M. Nilsson and K. Lindgren
Nucl . Phys. A278 , 365 (1977)

EL £v. j/M. J u

16
RE-. *»0.

77 Jo 3 egf

R E AC Ties RESULT
EXCITE ""
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ENERGY

SOURCE CE tectc =

ANCLE/PE RANGE 7VR£ Sis;=
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1

4PI

Maximum bremsstrahlung energy (MeV)

Fig. 2. The same as fig. I but for the reaction
16
CK>\ 2n)

l4,0.

Fig. 4. The same fig ' but for the reaction “Ofy. 2n)
li
O. Tne dashed curve and crosses show results

from ref.
8
) and ref.

12
) respectively

8
k . Kayser, W. Collin, P. Fliss, S. Guldbakke, G. Nolte, H. Reich,

j.O. Trier and W. Witschel , Z. Phys. 239 , 447 (1970)
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Abstract: The strengths of the isospin forbidden El ground-state transitions from the 1", 6.95 MeV 7.12,6.92 MeV
state of *°Ca and the 1 ”, 7.12 MeV state of lsO Mere determined in a x-ray resonance scattering
experiment; the partial widths are r0 =» 0.4.1 ±0.03 eV and 0.06=0.01 eV, respectively. The
results are in good agreement with previous determinations, confirming the unusually large
strengths of these El transitions. In addition, the widths of the 2*, 6.91 MeV state of *°Ca
and the 2*, 6.92 MeV state of l40 were measured asf0 = 0.13=0.06 eV and 0.094^0.010 eV,
respectively.

Table 2

Widths of ,sO states

Ex (MeV) J” A (meV)

this work ref. ») theory

6.92 94±10 1 10±6

7.12 l- 60±10 55±5 45 *)

•) Ref. *).

^D.H. Glockner and R.D. Lawson, Phys. Lett. 56B , 301 (1975)
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ANGLE

TYPE RANGE TYPE RANGE

G,P ABX 95-280 C 110-300 MAG-D DST

GROUND STATE PROTONS

The l>
0(yj>d) cross section has been measured for a series of photon energies between

100 and 300 MeV at proton angles of 45*, 90’, and 135*. Above 250 MeV, the results ex-
ceed simple shell-model predictions by several orders of magnitude. The data are com-
pared with a calculation which involves A excitation in an intermediate state.

2
D.J.S. Findlay, R.O. Owens,
to be published.

^G.D. Nixon et al., Bull. Am.

Phys. Soc. 21, 67 (1976),
and to be published.
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FIG. 1. Differential cross section in the laboratory

system for the reaction 1 s
O(y,P 0 )

15n as a function of

photon energy at proton angles (a) 45s
,

(b) 90°, and

(c) 135*. Solid circles are used for the data of Ref. 2,

open circles for the present results. Only statistical

errors are shown. The curves represent the theoreti-

cal predictions of Ref. 5, as discussed in the text:

dashed curve, single-step process only; 3olid curve,

one-step plus two-step process (see Fig. 2).
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E,E/ ABX 50-200 D 1*2 MAG-0 DST

(799-1178)

Measurements were made of quasielastic scattering of electrons in the («, «') reaction by the nuclei

*Be,
IJC U

N, '*0, and
17A1 An experimental estimate is obtained of the effective mass of an intranuclear

nucleon. At excitation energies up to SO MeV, a ratio .VfVAf » 0.6 is obtained, corresponding to a

linear potential V{E) =* K
0 -+. OAE and in good agreement with the data on proton scattering by nuclei

[C M. and F. G. Percy, Atomic Data and Nuclear Tables 13, 294 (1974)]. At excitation energies above

120 MeV the nucleon effective mass turned out to be close to that of the free nucleon, .WV.Vf = 0.9.

*GEV, QUASIELASTIC

PACS numbers: 25.30.Cg, 27.20. + n. 27.30. + t

'M'/M

FTG. 4. Reduction coefficient M*/M as a function of energy

transfer: •— *Be, a— lJC, C—UN, A— lsO, G— JTA1. The
curve has been drawn through the experimental points by

hand.
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METHOD

A. P. Tavares, clem. sym. a ! Z

0 16 8

REF. NO.

78 Di 10 hg

REACTION RESUL

T

EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

G,cn ABY 26(26. 78)-999 C 300-999 ACT-

1

4PI

Abstract—Mean cross sections for the photoproduction of
7
Be and "C from '*F,

77
AJ,

3
Si and targets, ’3e from

999=1 GEV
"’•"8, and "C from ''N and '*0 targets have been measured using bremsstrahlung beams in the energy range
0.3-1.0CeV. The results have been compared with previous measurements and an excellent agreement has been
found. In most cases, the values . Stained turned out to be much larger than those expected from a simple
spaJIation mechanism. A fragmentation and/or a fission-like process has been suggested in explaining the
mechanism of such reactions.

Fig. I. Mean cross section, per photon. dt . of "C photoproduo-
lion vs the target mass number A,. Experimental data are laken
from: 0 Ref. [9|; 2. Ref. (13]; . Ref. [2], O. present work
The straight line is a least squares fit of the experimental points.
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Table 3. Comparison betuee-. experimentally determined and calculated cross sections of
7
3e and "C photo-

production and indication of the dominant reaction channels
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method

reaction RESUL T
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,NQ ABX 4- 7 C 9 TOF-D DST

(4.3-7) (8.5)

The angular distribution for the
l7
0(y,no)

l60 reaction was observed throughout the excitation energy

region 4.3-7 MeV and at angles of 90* and 135*. The ground-state radiation widths for resonances in this

energy region were extracted from the data. The value of the radiation width for the dil2 —* d-in spin-flip

transition at 5.08 MeV was found to be approximately 1/3 of the value expected for a pure single-particle

transition. The implications that this result has for the nuclear structure of
170 is discussed. The effects of

potential radiative capture were observed directly in a photoneutron reaction for the first time. At the

location of the 5.38-MeV, 3/2" resonance in
n
O, an anomalous symmetric dip was observed in the cross

section at both reaction angles. The data were interpreted in terms of a general R -matrix reaction theory

which includes the effects of internal, channel, and potential radiative capture in a self-consistent manner.

The neutron channel was defined by incorporating an R -matrix analysis of the
160(n,n) 16O reaction into the

present interpretation. The anomalous minimum at 5.38 MeV was found to be due to a unique feature of

channel capture The R -matrix prediction for the total cross section was extrapolated into the keV region

and the significance that this cross section has for stellar nucleosynthesis is discussed.

PHOTON ENERGY (MeV)

represent the observations wnue me cuives icyiqoo.

the results of a “hard-sphere” external capture model.

over
-cqM N3S-4 18
Rsv, 7.1 4-54)
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TABLE n. R-matrix parameters which were used In

the present analysis for the ts0(n,n) l,0 reaction. [Note

that the pl/2 parameters are not necessary for the (y,n )

channel.]

Euj Tu/*
lj (MeV) (MeV) R0lJ bu

PHOTON ENERGY (MeV)

FIG. 5. Final R-matrix analysis of the observations of

the
1T
0(y,no) 16Q reaction. The parameters used in this

analysis. Tables EQ and IV, also describe the lsO(n,n) lsO
reaction. The interference minimum at 5.38 MeV is not

as deep as that given by the simple hard-sphere model.

Sl/2 -3.272 0.46 0 0

2.35 0.056

Pvi 0.392 0.165 0.54 -0.405

1.305 0.033

3.445 02214

d 3/l 0.69 0.816 0.06 -1.194

1.834 0.014

3.300 0J.87

4.160 0.012

d sn —4.143 0.80 0 -0.787

TABLE ID. R-matrlx parameters for the ,T0(Y.n 9 )
,sO

reaction for 6'*IT- -039. Rc = 4.93 £m.

Ey r„ V'*
MZ J

’

(MeV) (MeV) (eV) 1 '*

El i- 4349 0.043 0.49

5378 0.038 0.65

7332 0.442 0.71

Ml 3* 5.077 0.094 -0.6S
2

7313 0355 1.44

E2 !•

T 6354 0.130 -0.22

TABLE TV. Deduced ground-state radiation widths for

levels in
170.

Ey r* ^iyr
MZ J' (MeV) (eV) (eV)

El 3- 4.549 0.42 0.14

5378 0.06 0.02

%
T

5.690 0.4* 037*

m >
2

5.077 1.0 033

£2 l*

2
6354 <0.07 <0.012

El,Ml 3 5 7

7*7*7 5.729 1.5*

‘Value was deduced from area analysis.
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comment:
pinal publication of Data Given in 730cl

REF. NO.

78 Oc 1 hg

REACTION RESUL T
EXCITATION
ENERGY

SOURCE OETECTOR
ANGL E

TYPE RANGE TYPE RANGE

$ ( P .GO) ABX 20- 29 OO1OOo NAI-D DST

(8.6-18)

The giant electric dipole resonance based on the ground state (O*) of lsO has been

studied with the reaction 15N(p,y0 )

16O from £, = 8.6 to 18.0 MeV (£, =20.2 to 29.0 MeV).

The £1 strength in (y ,p 0) is concentrated between Er =20 and 29 MeV where it exhausts

about l57o of the £1 sum rule. Major peaks are displayed at 22.2 and 25.0 MeV and

secondary structure at 21.0, 22.9, and in the 24 MeV region. The angular distributions

indicate predominantly dipole radiation and are fairly constant over the entire range,

except in the region of the secondary peaks where the coefficient of P2
(cos0) displays

striking interference effects. This behavior supports the suggestion that these structures

are due to interference between more complex states and the simple particle-hole con-

figurations of the £1 resonance. The value of the coefficient of Pj(ccsfl) can be used to

restrict greatly the allowed configurations of the p0 channel—the solution is predominantly

either d
3 / 2

wave or Sj / 2
wave. The presence of terms in P[(cos0) and P

3
(cos8) indicates

significant £2 strength which increases above the £1 resonance. Data are also presented

on the reactions 15N(p,yj -y*)
150 and ls

N(/>, ayis.i>
12
C.

E, (

IS
0) (MeV)

FIG. 2. The 90° yield of 1

!

N( p

,

y„

)

1

6

0

.

Top: Measurements taken over selected areas
to search for intermediate and fine struc-
ture. Bottom: Yields extracted from the
angular distribution measurements. The
proton energy scale here and in subsequent
figures is corrected for the energy loss in

the entrance foil of the cell.

form N3S-418
'REV. 7-14-54)

USC OMM-N 3S-D C

,s*lp,y0 >
l60

FIG. 3. Selected angular distribution
measurements from 1

s

N(p ,y
a

)
1

s

O, plotted in
units of A,

.

PHOTONUC 543
Q .*h vikJ CT 3r -

•t over
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FIG. 6. The results of this experiment
on 1 S

N’( p , y 0 )
1 6 0 (solid curves) compared

with those of Earle and Tanner 2 ' (data
points and dashed curves). To facilitate
comparison the A, curve of Ref. 24 has been
multiplied by 1.33.

24

0.6r
JO

£, C*0) (MtV)

24 26 28

0.4-

0.2 -

0.0

-Q21—

•

Q0
I

-o.;

_

1

1

(
‘

* 1

1

i

*
i
{ {

1

A
l$ -

Cif
i t.ft* i

-oat— «• I {
—I

-0.4I— tit ll
rf-l

3"
If*!* h I. iiilu(jh

2 - i i

6 1 1 1 1 1 L.
a io 12 i 4

Ll

iq 1

ill Ji
l
I

;

16 18

Ep(MW)

FIG. 5. Plot of a
3

, a 2 ,
a J( and a, ob-

tained from Legendre polynomial fits (k = 4)
to the measured angular distributions of
1 *N(j>

. Y. )
1 *0.

FIG. 10. Structures in the reactions
1J C(a,Y„) JS

0 (Refs. 27,28). 1 1,

N( d
, y .

)

1

8

0
(Ref. 30), and 1 3 C( 3 Ke

, y,

)

1

s

0 (Ref. 29)
compared with the structures in A, and a

2
of the present experiment.
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REF. NO.

78 Oc 1 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TV PE RAN GE

stages of the decomposition are explained
in the text.

fine the relationship between the intensity
d

3 / 2
|d

3 / 2 |
and the phase difference 0 d

-^
s

-

TABLE I. Comparison of total cross-

section measurements on the peak of the

GDR (Ex = 22.15 UeV) in l6 O(Y,P
0

) N and

Reaction
a
a

(mb) Reference

1 5 N( p , Y f
1 s O 12.9 Present work

1

5

N ( p , y )
l s O 8.0 24

0

1

5

0(

y

i P )
l

0

S N 10.7 23

1

5

0( Y > P )‘
0

S N 12.6 22

1

6

0( Y . n )
x

0

5 0 5 .

6

b 20

1

5

0( Y

.

n )‘
3

5 0 7.2 19

IS 0(Y,n )'
0

5 0 9.3b 18

ls C(Y,n )
l

3

5 0 10.1 21

ls O(Y,n )

l5 0
0

7.2 40

a
It is not possible to give errors for
these measurements on a consistent basis.

Our own estimate is that the errors lie

in the range t 20-30%.

^Obtained from a 90° differential measure-
ment. using the angular distribution
measured later in (y,n

0
), see Fig. 9.
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TABLE II.
used to fit
“0.

Parameters of
the structure

the five states
in the GDR of

E
x r r

p
rv/ r

(MeV) (MeV) (eV)

20.95 ± 0.01 0.32 i 0.01 21 + 1

22.15 * 0.01 0.73 + 0.01 488 + 20
22.89 * 0.01 0.32 i 0.01 69 ± 5
24. 07 * 0. 03 0.59 + 0.04 130 s 13
25. 12 ± 0. 06 3.15 + 0.32 651 * 117

TABLE III. Configurations of the dipole states in l6 0 from
Ref. 3

.

a

E
X

MeV
P
_1

S
*1/2 1/2 P'

1
d

1/2 3/2 P 3/2
S
l/2

p” 1
dy 3/2 5/2 P

_1
d^3/23/2

Strength
or
.0

13.7 1.00 -0.02 -0.06 -0.02 0.02 1

17.6 0.01 0.90 -0.09 -0.38 -0.21 1

20.0 0.06 -0.02 0.96 -0.24 -0.08 1

22 .

2

0.04 0.35 0.20 0.90 -0.20 68

25.0 -0.01 0.27 0.10 0.09 0.95 29

a
A zero-range force with a Soper mixture is used.

3

G.E. Brown, l. Castillejo, and J.A. Evans,
Nucl . Phys. 22, 1 (1961 )
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REF. NO.

78 St 5 hg

REACTION RESUL T
EXCITATION
ENERGY TYPE RANGE

DETECTOR

A, GO ABX 11 8 NAI-D DST

(11.26) (8.16)

Six “Ns levels have been investigated in detail via the
,60 + a channel between 6.9 < E <10 2 MeV

Level parameters for states at £,(
30Ne) = 10.264± 0.008, 11.077+ 0.008. 11.259 + 0.008' 1 1*552 +0008

'

12.237±a008, ,2.390* 0.008 M.V ha., ton ««« f+ , p

4
“ 1 S

analysis of the elastic scattering. With the exception of the 11.552 and 12.39 MeV states, these levels
display primarily T = 1 characteristics. In addition to some previously reported T = 0 states, several otherweak y decaying resonances were observed at 11.97+0.04, 12.05 ± 0.04, and 12.49+ 0.02 MeV but were
not studied m detail. Charge dependent matrix elements (4-120 keV) for isospin mixing of T = 1 states
with nearby T - 0 states were estimated from the measured level parameters.

11.25 11.27 11.25 fl.27

FIG. 4. The £a = 8.16 MeV resonance (£,. = 11.26 MeV).

Same format as Fig. 2. The angular distribution fit Is

typical of a 1* —0*

,

£1 transition. The excitation

function fit has a CL of 0.9. The ES fit includes the con-

tributions from a 300 eV, L = 1 resonance.

400

1

200

128*

• 169*

8.16 3.18

form N3S-418
'REV. 7-14- 54)

use OMM-N es-oc PHOTONUCLEAR 547 Ea (MeV)

LIFETIME

over
rOMMERCE
r ANOAROS



TABLE I. Measured angular distribution coefficients.

f«

Final state

i E, (MeV) CL* Sj/C, a
4
/a, M. b

8.92 2*
•, 1.63 0.6 0.33*0.09 ... 0.38*0.10 •••

0.2 0.33*0.09 0.03*0.13 0.38*0.10 0.04*0.15

(6—02 *02)

'

7.93 4*; 4.25 0.6 026*0.10 • • • 0.29*0.11 •••

0.5 0.25*0.10 -0.10*0.2 0.28 *0.11 —0.12*0.20
(6- -027 ±030) e

9.16 0*; 0 0.5 -0.99*0.10 • • • -1.08*0.10 • • •

8.53 2*i 1.63 0.2 • • • • • • • •• •••

0.25 -0.1 *0.20 • • • -0.11 *03 •••

938 2*i 1.63 0.35 0.39*0.11 • • • 0.43*0.12 • ••

0.4 034*0.12 0.30*0.20 0.40*0.13 035*025
' 0- -02*0.07)'

9.57 2*; 1.63 0.4 • • • • • • • • • • • •

0.5 -0.12*0.30 • • • -0.13*0.30 • • •

0.2 -0.11*0.30 0.10*0.40 —0.12*0.30 0.10*0.4

9.70 2*-, 1.63 0.5 • • • • • • • • « ...

0.5 0.2 *0.20 • • • 02 *02 •••

* CL denotes angular distribution fit confidence level (0.1 to 0.9 acceptable).
b Coefficients corrected for angular acceptance and edge effect.
c 0- <£2)/<Afl).

TABLE IL Radiative capture resonance parameters

.

Ea
(MeV)

E,

(MeV)

rt

(keV)

Final state

(•r-.Ej
"T'c.m.

<eV)

Branching

ratio

rr »
* c-m.

(eV)

|M|* *

(W.u.)

6.918*0.01' 10.264 si 0
+

; 0

2*i 1.63

2~i 4.97
3": 5.62

192 ±1.9

<0.'l

1.0

<0.2

<0.2

3.85*0.39 0.28 (Ml)

7.932 * 0.01 11.077 S3 0
+

; 0

2*

;

1.83

4*
; 4.25 30.4 *3

<0.01

<0.02

1.0 3.4 ±0.3 0.50 (Ml)

8.131*0.01 1126 S3 0+ ; 0

2*; 1.63

0.58*0.05
1.0

0.4 ±0.1
0.19*0.02 2.8X10** (El)

8.53 ±0.01 11.55 S5 0+ ; 0

2*i 1.63 0.41*0.05

S 0.4

1.0 0.08*0.01

(J=2)

3.9X10“*

[031
(Ml)

(E 2)1

4+ ; 4.25

2"; 4.9T
0.5 ±0.4

S0.3

9.384*0.01 12.237

18*5
0*; 0

2*

;

1.63

4
+

; 4.25

2”; 4.97

5.8 *0.5
0.45*0.10

1.0

*0.3
S0.3

12 *0.1 0.046 (Afl)

9.57 ±0.01 1239
27*5

0*; 0

2* ; 1.63

4*
; 4.25 1.94*0.15

0.01

0.4 ±0.1

1.0 0.28*0.02 1.1X10“* (El)

40*10 aj7«.l3
,

1.96 *0.1 d

X103
22*03
X10*

9.70 ±0.03. 12.49 s 10 2*i 1.63 0.17*0.05 1.0

* Assume ra « r r .

b Multipolarity based on most likely transition.

'The energy uncertainty reflects the maximum of the relative uncertainty and the absolute uncertainty (0.01).
d u/y=(2J + i)raraj/r.
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REF. NO.

79 Bo 2 hg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,PI+ ABX 150-170 C 150-170 ACT-

1

90

The total cross sections relative to photoproduction off the proton have been measured for the reactions
l
',

0('y,ir
+

)

l6N and ’Befy.rr^^Li over the energy region from the production threshold up to 12 MeV over

threshold. A distorted wave impulse approximation calculation has been performed for the
ls
O(y.ir*')

l6N
reaction and is seen to be =: 30% higher than the observed cross section from threshold to 10 MeV. The

‘'Befy.jr
r
)

,
Li reaction represents the first (y.rr*) measurement near threshold in which the cross section is

not dominated by the if-l term in the production Hamiltonian.

NUCLEAR REACTIONS 1G
0(y, ir'

t

)
16 N, 5Befy, ir

*)3Li, bremsstrahlung end point

energies to 175 MeV, measured ff(£); calculated a(E), DWIA.

FIG. 1. The "’Ofy, r*)
l(iN yield per equivalent quan-

tum. The solid curve is the result of a fit as described

in the text.

FIG. 3. The measured and calculated total cross

sections for lsO(y, rr')
lsN. E T is the pion threshold

energy and E is the bremsstrahlung end point energy.

The shaded region represents the statistical uncertainty

on the cross section. The systematic error is an addi-

tional 5%.
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pef V.N. Eponeshnikov, Yu.F. Krechetov
JETP L ett. 29, 401 (1979)

ELEM. SYM.

16

METHOD

79 Ep 2 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G, PIOP ABY 60-130 C 450 CKV-D DST

The cross sections of reaction (y,n‘p) on Li
6 C 12

nuclei were measured in the

0-600 MeV/c range of momentum transfer to the residual nucleus. For large

values of momenta, cross section values disagree with calculations carried out

within the framework of a shell model and a model of quasi-free meson
photoproduction on nuclei.

PACS numbers: 25.20. 4- y

*M0M, MEV/C, COIN

>*

FIG. 1. Dependence of reaction cross section on the proton angle of emission: O—experiment, with total

measurement errors;— —calculations using plane waves; final state interactions taken into account;

effect of J-shell shown separately; calculations with momentum distribution from Ref. 3

with allowance for correlation by the Jastrow model. Oscillator parameters a, = a
p = 115 MeV/sec for

Li
6
nucleus,

l! 120 MeV/sec for C 12 and 1 13 MeV/sec for O' 6.” Arrow indicates angle of proton emission in

the case of reaction y + p—ir° + p.

form N3S-418
(R EV. 7-1 4.64)
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T.W. Phillips, R.G. Johnson

Phys. Rev. C20, 1689 (1979)
REF.

METHOO

EL EM. SYM.

16

REE. NO.

79 Ph 2

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.NH ABX 25-45 U 30-45 TOF-D OST

The cross section and angular distribution for the reaction
l6
O(y,n0

)'
5O have been measured over an

excitation energy range of 25—*5 MeV. Neutron time-of-flight spectra were recorded at six angles (22.5’,
45’, 67.5V 90*, 112.5*, and 135*) and at four bremsstrahlung end-point energies (30, 35, 40, and 45
MeV). Differential cross sections deduced from these spectra were fitted by a fourth-order Legendre-
polynomial expansion. The cross section obtained from this expansion decreases smoothly from 3.95 mb at
25.5 MeV to 0 22 mb at 43.8 MeV. The appearance in this analysis of large first-, third-, and especially
fourth-order coefficients, is strong evidence for significant £2 cross section. An £2 cross section extracted
from the data exhausts approximately 68% of the isovector £2 energy-weighted sum rule. The present data
are compared to previous related measurements and excellent agreement is seen. In comparisons with
theoretical studies on “O, there is good general agreement but relatively poor detailed agreement.

[NUCLEAR REACTIONS 16
0(y , tt

0 )
l5
O, £, = 25—45 MeV; measured a (EI , 9)\

L deduced £2 strength.

Excitation Energy (MeV)

FIG. 6. Elec trie-quadru pole cross section vs excita-

tion energy for the
,6
0(y ,n 0)

l5O reaction. The solid

lines are upper and lower limits on this cross section

based on the present data alone. The data points were
obtained by including information from polarization mea-
surements (see text).

;r

: i

'•oti.iy l’o

1 i I

-i

,1

- t

3

f

f 1
t * i

it-

= 31-

j t

2 r-
r
h

1 * i H c «

! f'i,
.

Excujoon gv (M*V)

FIG. 4. Center-of-mass differential cross sections vs
excitation energy for the ls

O(y ,n 0 )

lsO reaction. (The
angles labeling these cross sections are the laboratory
angles.)
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£
fN
Ui
©
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Excitation Energy (MeV)

FIG. 5. Cross section (4*a 0) and relative angular-

distribution coefficients (a
t
/a 0 ) vs e xitatlon energy for

the ls
O(y ,n 0 )

l3O reaction.

3
P. Paul, J. W. Noe, K. A. Snover, M, Suffert, E. K.
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edited by A. Faessler, C. Mayer-Boricke, and

P. Turek, Proceedings, Vol. 1, p. 2.

J. O’Connell and S. S. Hanna, Phys. Rev. C IT_, 892

(1978).

FIG. 7. Comparison of the present results (solid cir-

cles) for the
lbO(y ,n„)

lsO reaction with the results of

Ref. 26 (open diamonds) for the same reaction and with

the results of Refs. 8 and 9 (open squares) for the
16
O(Y,p 0 )

lsN reaction [obtained from iyNlp,y ^)
ltO data

by detailed balancel.
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EL CM. SYM.

0 16

REF. NO.

79 Sn 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

$ P .GO ABX 16-21 D 4-9 NAI-D DST

We demonstrate that polar!zed-proton radiative capture may be used to unambiguously
Identify concentrations of magnetic dipole strength. Three ATI resonances are observed
in the doubly magic '*0 nucleus between £, = 16 and 20 MeV, with a relatively large total

yj-transltion strengthjBfAfDj^O^^j2
.
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FIG. 1. Excitation curves for From
top to bottom: a-(90°), A(90°), andthea,, a Jf andi>

2
co-

efficients (third- and fourth-order coefficients not

shown)
;
reduced x

2 for the angular distribution fits as-

suming only El and E 2 radiation. The curves are to

guide the eye. The vertical solid and dashed lines indi-

cate Ml and £1 resonances, respectively.

8 (deg)

FIG. 2. Representative angular distributions which

require Ml radiation. Solid curve, E1+E2+MT;
dashed curve, £l+£2; long-short dashed curve, El

+Afl calculated fits.

TABLE I. V states in
t6
0. Results axe from the present work, except where

noted.

Ex

(MeV)
f'c.m.

(keV)

r,ry/r
(eV) r,/r

rr0

(eV)

B(Ml)j

(M,
2
)

16.22 3 18 ±3 3 2.65±0.22 0.73
3

3.6 0.073

(5. 1*0.8)
” (0.103*0.016)

b

17.14
3 36*5 3

3.75*0.50 0.58
3

6.5 0.110

18.8 -250 3 1.8 ±0.3 « 0.5 5s 3.6 ? 0.047

Total > 0.24 c

3
Ref. 5.

’’Ref. 4.

c Based on the average of the present work and Ref. 4 for the 16.22-MeV state.
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ref. E. Ventura, J.R. Calarco, C.C. Chang, E.M. Diener, D.G.

S.S. Hanna, G.A. Fisher

Phys. Rev. CT9, 1705 (1979)

METHOD

Mavis, ELEM. SVM. A

0

REF. NO.

79 Ve 2

REACTION RESUL T
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

HE ,G ABX 25-30 D 3-9 NAI-D DST

The capture reaction
13
C( 3He,y) l40 has been studied over an excitation energy range of 25 to 30 MeV in HE =HE3

“O. The 90* differential yield curve for the ground state transition shows resonances at E, = 25.1, 26.0

and 27.3 MeV. The measured angular distributions are consistent with a spin and parity assignment of

J' = 1 — to these states. The relation between this structure and that observed in the
15N(p,y0

)'
4O reaction

is discussed. The 90" differential yield curves for the doublet transitions y, + y2
and y 3 + y4 were also

measured. The former shows resonances at £, = 26.0, 26.6, 27.2, 27.7, and 28.6 MeV, while the latter

shows a broad resonance centered at £, ~ 27.5 MeV with mild structure. Both curves suggest the existence

of giant resonance strength built on the excited states of l40.

NUCLEAR REACTIONS 1

3

C

(

3 He , y)
1 *0, E 3 „ * 3. 0-8. 5 MeV, measured a(

E

3 ,E ,8)."

16
He He Y

O deduced resonances and structure in giant resonance region. Enriched
l3
C target.

£, (MeV)

FIG. 2. Excitation function of the dif-
ferential cross section for 1

3

C(
3 He

, y 0 )

1 s O

at 9

i

a b = 90”. The data up to E( 3 He) = 3.0
MeV are taken from Ref. 5 and normalized to

the present work at E( 3 He) = 3.0 MeV.

TABLE I.

determined
2.9 MeV.

Angular distributions in 1

3

C( 3 He
,

y

0
)

1

s

O as
from the data of Fig. 3 and a measurement at

E
’He

(MeV)

E
x

(MeV)

W(9 )

a
i

a

;

1

2.9 25.1 ~ 0 * 0 *0
3.4 25.5 -0.16 £ 0.03 -0.0S £ 0.04 0.12 t 0.05
3 . S 25.9 0.06 : 0.02 -0.09 i 0.02 0.01 £ 0.03
4.0 26.0 0,15 i 0.03 -0.24 £ 0.04 0. 10 i 0.05
4 .

7

26 .

6

0.05 £ 0.07 -0.27 £ 0.0S -0.06 i 0.09
5 .5 27 .

3

0.30 £ 0.04 -0.49 £ 0.06 0.02 £ 0.03
6.7 23.1 0.37 £ 0.13 -0.50 * 0.14 -0.03 £ 0.15

form NSS-418
<R EV. 7-1 4- 641

USC OMM-N BS-OC

1 5C( 3 Me. y0 )

lS0

9l (deg)

FIG. 3. Angular distributions for the
1 3 C( 3 He ,

y

0 )
1

6

0 reaction. The curves are
least squares fits of Eq

. (1) with
k = 1 - 3.

W(8) = A
a 1 + £ akV c°s®)] a)

(over)

PH0T0NUCLEAR DATA SHEET 554
U.S. DEPARTMENT OF COMMERCE

NATIONAL BUREAU OF STANDAROS



24 28

E.IMevl

28 JO

- 0.6 -

« 0.2

0

0.4

«, 0

- 0.4

0

»J

-0.4

0.2

«J 0

-0.2

-1
1

1

—

y~r ,

' *
1

'

|

A lS
C(

J He, y0
)“0

/ \ 9^ * 90°

1 f 1 J 1

A
(

i,f| 11 :

—

1
—
'

—

rtf'

prcunf work

| Shoy tl pi.

l i 1 i 1

„h

! 1 1

ft,
( ,

t
-

»

'jk
I

:

I i 1 i 1

: . i i . » t :

I 1 1

1
*

1

i :
i i

( i >

FIG. 4. Top: excitation function for the
reaction 1

3

C( 3 He

,

y 0 )
1

6

0 at 6iab = 90°

.

Bottom: the angular distribution coeffi-
cients a^ plotted against energy.

555



FIG. 3. Same as for Fig. 2, but at a pion laboratory

angle of 45°.

(Ref. 8), the dashed line that of Devanathan at al . (Ref.

9), and the dot -dashed lines are from Nagl and Uberall

(Ref. 10). Pion energies can approximately be found by
subtracting 140 MeV from the photon energies.
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REF
' H. Goringer, B. Schoch

Phys. Lett. 97B, 41 (1980)

EL EM. SYM.

16

METHOD REF. NO.

80 Go 7 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G ,N0 ABX 60 - 160 c 60 - 160 T0F - D OST

•

AE
n
/E

n
= 3% @

E

n
= 40 MeV

= 6% @ E
n
= 140 MeV

BREMS. TIP

Differential (7. n 0 ) cross sections on l2C and I60 have been measured for photon energies 60 MeV < t'y 160 MeV.
These results combined with the corresponding (7. p0 ) cross sections support an absorption mechanism of the photon by
neutron-proton pairs.
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Fig. 2. Angular distribution at Ey = 60 MeV. Proton data: ref.
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Fig. 3. Differential cross sections for = 90° and l6 0. Proton

data: refs. (11.12).
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As fig. 4 for = 90°.

[11| D.J.S. Findlay and R.O. Owens. Nucl. Phys. A279 (1977)
385.

[
1 2 1

MJ. Leitch. Ph.D. Thesis. MIT 1979.

Fig. 4. Ratios (7, p0 )/(y, no) for£
7 = 60 MeV and 16 0. Calcu-

lations from ref. [6] (full line) and ref. [8| (broken line). ONUCLEAR DATA SHEET 557
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ref. B.S. Ishkhanov, V.I. Mokeev, E.S. Omarov, I.M. Piskarev V M
Sov. J. Nucl . Phys. 31_, 730 (1980)
Yad. Fiz. 31, 1407 (1980)

METHOD

Sorvin ELEM. SYM. A

0

REF. NO.

Z

16 8

80 Is 4 hg

REACTION RESUL T
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G ABX 15-32 C 32 NAI-D 90

Cross sections have been measured for elastic scattering of photons by the nuclei
,!C and “O in the region of

the giant resonance. The energy resolution achieved in the experiment is comensurate with the energy

resolution in the total photoabsorption cross section. It is shown that study of the cross sections for total

absorption and elastic scattering of photons permits spectroscopic information to be obtained on the high-

lying states of nuclei.

PACS numbers: 25.20. + y .

J

'"0i y. y')

TABLE II.

J*. * •toy mb
(Ref. 10)

•tl.nb.
present •ioi/Fcl' » b
won

Energy of

krtis, McV

Ref. 10.

toui ab-

torpuon

Present

work

18.4 183*02 3-. 1
•

20.5 20.3*0.2 3*, l
•

22-24 22-24 1'. 1*
”26.2 26.5*0 4

27-5 _ _
20.5 29.5*0.3 -

17.1 _
1 - f

••

19.5 19.5*0.2 1 1
•*

21 _
1
- 1 • •

22.3 22.3*0.2 1
1 «•

24-25 24-23
27 2 27.3*0.2 1

••
— 28.5*0.2 _
- 31.3*0.2 -

2 4*2 1*0 6
2 6*3 0.7*0/»

23 50*5 12 6*4
3.3 5*2 15*1
1.5 -
- 3*1 1.3*0.5

“O

3 _ _
3 10*3 09*0.4
6 _ _

30 85=10 10.7*4
30 85*10 10.7*4
3 10*3 09*0.5
— - -
— _

23.2

17.3

13 7

10 3

3.3

14.4

12.1

10.3

‘"Data of the present work and also of Refs. 16 and 17 on the
position of the maximum of the giant dipole resonance.

20

•*.» !

‘t t

'.Wf**.

II 20 2} JO f. M.V

FIG. 2. The same as In Fig. 1 but for lsO.

FIG. 1. Cross section for elastic scattering of photons by 1? C
obtained in the present work (a) and in Ref. 9 (b); cross sec-
tion for total absorption of protons by 1J C from Ref. 10 (c).

3
A. S. Penfold and E. L. Garwin, Phys. Rev. 116. 120 (1959).

l5
J. Ahrens et at., Nucl. Phys. A2S1. 479 (1975).
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ref. B. Schoch, H. fforinger, P. Jennewein, F. Klein, G. Luhrs, F. Zettl

Phys. Rev. C22, 2630 (1980)

EL EM. SYM.

16

REF. NO.

80 Sc 8 hg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E
r
P0 ABX 80 D 80 MAG-D DST

Via the reaction “0(e^ a)
l,N cross sections for the transition

l

‘0(7',/7
(,)

15N have been extracted at angles VIRT PHOTON ANALYSIS
0
r = 3*- 40". Whereas a modified quasideuteron model fails to describe the data, a calculation of Gan and Hebach

with the inclusion of spin currents comes close to the results.

I"NUCLEAR REACTIONS “O(e,^
0
)' sN, £, = 80 MeV, measured a,(£„ 9 ). deduced

L er
r l£,,*); BeO target.

FIG. 4. Extracted cross sections (triangles) and the

data from Glasgow (full circles). The calculations of

Garl and Hebach without (full line) and with (dotted line)

spin current contributions, and modified quasideuteron

model (broken line).
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„ eF P. Stoler, E.J. Winhold, F. O'Brien, P.F. Yergin, D. Rowley, K. Min, _ L .M SYM
J. LeRose, A.M. Bernstein, K.I. Blomqvist, G. Franklin, N. Paras,
M. Pauli

Phys. Rev. C22, 911 (1980) 0 16

METHOO R zr. NO.

80 St 3 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,PI+ RLY 177-180 C 180 MAG-D 90

G,PI+ RLY 177-180 C 180 MAG-D 90

The virtual photon spectrum shape and intensity within several MeV of the kinematic limit was measured TEST VIRTUAL PHOTONS
for ’Befe.tr^yLi.e' and l4

0(e,’r
1') 14

N,e'(r» = 28 MeV, d„ = 90"). The intensity over this interval is

1.25 ±0.10 times plane-wave virtual photon theory predictions; the shape agrees with theory within errors.

Measurements on the proton 30 to 55 MeV below the end point agree with the intensity predictions of

virtual photon theory within the errors (±8%).

NUCLEAR REACTIONS ls
O(e,ir’), £ = 180.4 MeV; 9Be(e, rr *), £ = 184.8- MeV;

"

measured a(£,,90° llb) relative to (y.ir*). near £
r
=28 MeV. 1H (« ,

ir *
) , £ = 230

MeV; measured <7(£,,90° lJb) relative to (y,;r*), near £,=18, 30 MeV. Com-
pared to PWBA virtual photon theory.

TABLE I. Results for R/V, the real-to-virtual ratio as defined in the text. The quantity

£„ is the incident electron total energy, T, the pion kinetic energy, k the virtual photon ener-

gy, and AT, the averaging interval over pion energy in the experiment (corresponding to the

range of k). Note that k is close to the end point for 160 and 3Be but 30 to 55 MeV below for

‘H.

160<e,0 s Be(e,iO H<«,0

E
0
CMeV)

T,(MeV)

fe(MeV)

AT, (MeV)

W/V)thw
/CR/V),

180.4

28

176.8-179.9

3.0

78 ±9
91

1.17 ± 0.14

184.8

28

182.2-184.3

2.0

72 • ± 8

96

1.33 ± 0.15

230

18

174.7-181.7

4.9

71 ±6
70

0.99 ± 0.08

230

30

188.3-199.4

7.6

80 ±6
77

0.96 ± 0.08

FIG. 1. Number of pions as a function of virtual pho-

ton energy. The zero on the abscissa corresponds to

the virtual photon spectrum end point, 179.9 MeV for
lsO and 184.3 MeV for ^Be. The solid curves were ob-

tained as described in the text and normalized to the

experimental data.
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G. Noldeke, H. Rost
Phys. Lett. 98B, 423 (1981)

CL CM. SYM.

0 16

METHOO REF. NO.

81 Ar 1 i
REACTION RESULT EXCITATION

ENERGY

SOURCE DETECTOR
anglA

TYPI RANGE TYPE RANGE

G,MU-T ABX 215-386 D 215-386 TOF-D 4PI
1

1

DATA ALSO IN 81AR3

Double differential cross sections for the photo-emission of protons and charged pion production were investigated for

a number of target nuclei (He, Be, C, 0, Al, Ti, Cu, Sn, Pb) in the photon energfrange k - (215-386) MeV. On the basis

of these experimental results the total hadronic cross section was determined.
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Fig. 6. Total hadronic cross section for 160 (statistical errors only). Data are compared to a calculation in the A-hole formalism [11].
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«eF. J. Arends, J. Eyink, A. Hegerath, K.G . Hilger, B. Mecking,
G. Noldeke, H. Rost
Nucl . Phys. A358 , 367c (1981)

CL CM. SYM.

16 8 V

MCTHOO REF. NO.

81 Ar 3 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYP! RANGE TYPE RANGE

G,MU-T ABX 215-386 D 215-386 TOF-D 4PI

Abstract: Double differential cross sections for the photoemission of protons and
charged pion photoproduction were investigated for a number of target nuclei
(He, Be, C, 0, A1 , Ti, Cu, Sn, Pb

)
using the tagged bremsstrahl ung beam at

the Bonn 500 MeV-Synchrotron in the photon range k = ( 215-386)MeV . On the ba-
sis of these experimental results the total hadronic cross section was deter-
mined.

r- , „ k(MeV
Mg.- 2. Cross section for the process: y + Pb -* p + x.

The proton threshold is 53 MeV.

soo

4.50

4.00

3.50

300

2 2.50

e

; 2 00

b
150

1.00
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.
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+ Mainz ’)

t
This measurement

00 22S0C 27100 32SOO 375 00 tfSOO

Fig. 3. Total hadronic cross section for Be. The data are compared to the cross
section taken from ref. 2

).

The photon energy dependence of the total cross sections for heavier nuclei
.are similar to the Be results. The complete data set can be parametrized in the

o(k,A) = o
0
(k) . A

x
.

The exponent is constant x = 1.1. The photon energy dependence of c0 is shown inng. 4. Compared to the mean cross section for a free nucleon, the excitation of
the a-resonance is suppressed.
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7 o 6 B
ras » A - Naatz, D. Ruck, R.K.M. Schneider, R. Stock

Z - pfiy 'A302, 185 (1981 )

Berg, EL CM. SYM.

16

METHOD REF. NO.

81 Wi 1 hg

REACTION RESUC

T

EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

$ G,G NOX 7 C UKN SCD-D 90

ENERGY ( MeV

)

POL INCOMING PHOTONS

Abstract. The unknown parities of five
str°ng dipole states between 6 and 8 MeV
in 8 Sr are shown to be negative.

"iq- 1

.

Observed asymmetries for five
ground state dipole transitions in 38sr
and for the 2 + transition at 6917 keV in
16o. The energies for the 88sr states
were taken from /2/. The hatched band
represents the expected asymmetry for
states with positive parity (upper part)
and negative parity (lower part)

FORM N3S-418
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ref K. Wienhard, R.K.M. Schneider, K. Ackermann, K. Bangert, U.E.P. Berg,

foyl.ttv. C24, 1363 (1981)
ELEM. SYM. A Z

0 16 8

METHOD REF. NO.

81 Wi 2 hg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P SPC 15 - 25 C 22, 30 SCD-D DST

Angular distribution coefficient a
2

for the
16

0 (y,P
3

)

reaction is -0.14 to ’23

The 16
0(y./>o) reaction has been studied with linearly polarized bremsstrahlung photons in

and below the giant £1 resonance. The parity of the absorbed radiation was determined from

the observed azimuthal asymmetry of the emitted protons. Combined with unpolarized mea-

surements the polarized results determine the proton decay amplitudes of the M 1 resonance at

Ex - 16.2 MeV in
li)0. The shape of the unpolarized l6

0(y./>j) angular distribution in the giant

£1 resonance was derived from the measured analyzing power.

POLARIZED PHOTONS

NUCLEAR REACTIONS 160 (y.p), E — 15 — 25 MeV; measured analyz-

ing power 9 — 90° linearly polarized bremsstrahlung;
160 dipole levels de-

duced tr, 16.2 MeV 1
+ resonance deduced Po decay amplitudes;

l60 GEDR
deduced pj angular distribution.

FIG. 2. The upper part shows the total
,3N( p. -y)

160
cross section from Ref. 8. The middle part gives the original

proton energy spectra from this measurement. In the lower

part the measured analyzing power at 90° is presented as er-

ror bars together with calculated values taking a, coeffi-

cients from the literature and assuming only £1 excitation.

*E. D. Earle and N. W. Tanner, Nucl. Phys. A95 . 241

(1967).
9K. A. Snover, P. G. Ikossi, and T. A. Trainor, Phys. Rev.

Lett. 43, 117 (1979).
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M. Bernheim, A. Bussi&re, J. Mougey, D. Royer, D. Tarnowski,

ref. S. Turck-Chieze, S. Fruliani, S. Boff i , C. Giusti, F.D. Pacati

,

G.P. Capitarvi, E. De Sanctis, G.J. Wagner

Nucl . Phys. A3Z1’ 381 O 982 )

CL CM. SYM. A

0

METHOD REF. HO.

8

82 Be 3 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE PANG* TYPE RANGE

E , E/P NOX 444 D 500 MAG-0 DST

Abstract: The measurement of recoiling nucleus momentum distributions in (e,e'p) reactions has been

performed for p-hole states in
13C and

160 under extended kinematical conditions. The analysis DLTQ MEV /C
of the experimental data has been performed without requiring the usual factorization of the cross

section. The sensitivity of the data and of the analysis for deducing bound and scattering proton

states is discussed.

NUCLEAR REACTIONS l2
C,

16
0(e,e'p), E -500 MeV; measured u (missing energy,

recoil momentum,, deduced proton-hole spectral functions. Unfactorized DWIA analysis.

^-9 6.32(3/2)

16
0 (*«' p >

100 < P < 200 MeV/c
8

10.

2 G S ( 1/2

)

I

I

10.8(3/2)

1

I

To 20 30

*,,**•* .

* 1 1
1 1

,

40 50

L.

m

(MeV)

Fig. 6. Missing energy distribution of the
l60 spectral function.

(OVER)

Fig. 7. Momentum distributions of proton 2 and 2 hole states in
ls
O. Theoretical distributions are

computed using the same optical potential (JA) and different bound-state wave functions: (ES),— -(ME), -.-(GO).
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Table 9

Experimental values of the momentum distribution (with corrections for radiative effects) for

16
0(e, e'p)'

sN

Pb<0
(MeV/c)

S(p)± JS(p)(GeV/c)
3

Pb<0
(MeV/c)

S(p)±JS(p)(GeV/c)~
3

lPl/2 lPj/2 lPt/j !Ps/2

5 15.5 ±7.0 155 15.3± 1.5 29.9±2.5

15 5.8± 1.9 15.4±2.7 165 10.1 ±1.2 30.8 ±2.7

25 6.2 ±1.4 17.8 ± 2.3 175 9.9± 1.4 26.1 ±2.5

35 12.7 ±1.6 24.6 ±2.8 185 6.5 ±1.1 20.7 ±1.6

45 17.8± 1.9 31.5 ± 3.2 195 4.7±0.8 15.6 ± 1.6

55 23.1 ±2.3 40.8 ±3.9 205 4.1±0.6 12.3 ±1.3

65 22.7 ±2.3 46.3 ±4.2 215 2.7 ±0.8 13.6 ± 1.5

75 24.8 ±2.6 54.1 ±4.8 225 2.0±0.8 7.6± 1.2

85 28.9 ±3.1 45.2±4.7 235 1.8±0.7 4.5 ±1.0

95 24.0± 3.0 5 1.6 ± 6.

1

245 1 . 1 ± 0.5 3.2 ±0.7

105 29.3 ±3.1 60.7 ±5.8 255 0.9±0.5 3.5 ±0.7

115 27.2 ±2.7 67.0±5.8 265 3.7 ±0.7

0.78 ±0.34

125 28.5 ±3.1 52.1 ±4.9 275 1.9 ±0.6

135 19.4±2.2 38.6 ±3.9 285 1.5 ±0.6

0.82 ±0.52

145 15.0± 1.8 41.9±3.9 295 0.06 ±0.6

Table 10

Experimental values of the momentum distribution (without corrections for radiative effects)

for
16
0(e,e'p)

l5N

Pb

(MeV/c)

lPl/2

(GeV/c)'3
lP3/2 Pb lpi/2 lP3/2

(a) pB <0
5 155 1 1 .6 ± 1.1 23.1 ±2.0

15 4.2± 1.3 12.5x1.8 165 8.5±0.9 22.9 ±1.9

25 5. lx 1.0 15.5 ± 1.7 175 8.2 ±1.0 19.2± 1.7

35 .. 9.9 ±1.2 17.8± 1.9 185 5.4±0.8 15.9x1.7

45 13.7 ±1.4 23.3 ±2.2 195 3.6 ±0.6 11.9± 1.2

55 18.4± 1.7 29.3 ±2.7 205 3.3±0.5 9.2±0.9

65 18.6 ± 1.8 32.8 ±2.9 215 2.4±0.6 10.2± 1.0

75 20.1 ±1.9 37.9±3.3 225 1.6±0.5 5.5±0.8

85 22.5 ±2.2 35.3±3.3 235 0.95 ±0.5 3.8±0.6

95 19.2±2.2 38.6±4.2 245 1.1 ±0.4 2.5 ±0.5

105 22.3 ±2.2 44.7±4.1 255 0.64±0.34 2.8 ±0.4

115 20.9±2.0 47.4±4.0 265 0.71 ±0.34 2.7±0.4

125 21.7±2.2 40.2 ±4.3 275 1.8±0.4

135 14.4± 1.5 29.9 ±2.8 285 0.38±0.35 1.14±0.4

145 11.5 ± 1.3 3 1 .5 ± 2.8 295 0.69 ±0.36 0.23±0.46

(b) pB >0
25 15.1±2.8 65

35 9.8± 1.5 16.2±1.8 75 23.8x2.9 27.6x4.7

45 11.0x1.30 19.8±2.1 85 26.9±3.0 32.8±3.1

55 17.3±1.9 24.2x2.9 95 17.3x3.8 31.9x4.6
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ref. B.L. Berman, R. Berg£re, P. Carlos
Phys. Rev. C26, 304 (1982)

CL EM. SYM.

0 16

METHOO REF. NO.

82 Be 5 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPI RANGE T Y PC RANGE

G,MU-T ABX 15-133 D 15,133 BF3-I 4PI

DATA ANALYSIS
A large discrepancy is found between the value for the integrated total photonudear cross sec-

tion for l60 determined from the sum of the partial cross sections and that obtained from a to-

tal photon absorption measurement.

NUCLEAR REACTIONS 14
0(y, tot:£

7 ), (y, partial: E
y
): integrated cross

sections; sum rule; meson-exchange factor K, A dependence.
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REI». P. Carlos, H. Beil, R. Bergere, B.L. Berman, A. Lepretre
A. Veyssiere
Nucl. Phys. A378 , 317 (1982)

ELEM. JYM.

0 16

METHOD REE. NO.

82 Ca 1 egf

REACTION RESULT EXCITATION SOURCE OETECTOR
ENERGY TYPE RANGE TYPE range

ANCLE

G,SN ABX 24-133 D 24-133 MOD I 4PI

G, 1

N

ABX 24-89 D 24-89 MOD I 4PI

G,2N ABX 24-89 D 24-89 MOD I 4PI

Abstract: The inclusive partial photoneutron cross section aiy. In...) and crfy, 2n . . .) and the total

photoneutron cross section a‘"{E.) = i«r(y, /n . . .) for
l60 have been measured with mono-

energetic photons in the energy region above the giant resonance and below the meson thresholds.

Comparison with other data shows the dominance of the (y. pn) process in this energy region

and thus underscores the importance of the mechanism of photon absorption by a correlated

proton-neutron pair in the nucleus; thus, satisfactory agreement of modem versions of the quasi-

deuteron theory with the data has been obtained. The measured integrated total photoneutron

cross section up to 140 MeV is 0.67+0.07 TRK sum-rule units.

NUCLEAR REACTIONS 1<s
O(y,.xn), £ = 24-133 MeV; integrated a for x = 1,2,

moments: deduced interaction mechanisms. Monoenergetic beam.

Photon tnergy ( M«V

)

Fig. 7. Comparison of the present results for (solid data points) with the <r(y. tot; £
7 ) data from

Mainz 43
) (open data points) and the <j(y, pn) datum at E

1
= 140 MeV from Bonn **) (cross; converted

to a total cross section by multiplication by 47t).

(OVER)

torm NSS-418
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Fig. 3. Phoioneuiron cross sections for '"O measured in the present experiment: (a) total photoneutron

cross section a '

“(£.): (b) single-photoneutron inclusive cross section <x(y. In . . .) [the two lowest-energy

points are shown in part (a)]; (c) double-photoneutron inclusive ctoss section <r(y. 2n . . .). The etTor

flags include the contributions of the major systematic as well as the statistical uncertainties (see text).



ref. H. Goringer, B. Schoch, G. Liihrs

Nucl . Phys. A384 , 414 (1982)
EL EM. SYM.

16

METHOO REF. NO.

82 Go 2 egf

reaction RESULT
EXCITATION
ENERGY

DETECTOR

-iiM- 62-168 TOF-n -HSi_

Abstract: A new TOF facility has been built for measurements of differential (y, a) cross sections to

discrete final states of light nuclei in the photon energy range between giant resonance and pion

threshold. The observed neutron angle 9„ can continuously be varied between 0* and 150*, and

additionally measurements at 175' and 180° are possible. Differential cross sections for the reaction
16
0(y, n0)

13O are presented for Ey = 60 MeV (40° « 9„ « 149*) and for 8„ = 90* (60 MeV £T «
160 MeV). The results, combined with the corresponding (y, p0) cross sections, indicate an

absorption mechanism of high energy photons by neutron-proton pairs.

NUCLEAR REACTION ' s
O(y, tv,). E - 60-160 MeV, 8„ - 40*-149*, measured <r(£^ 8J.

Targets DjO and HjO.

Fig. 3. Differential cross sections for the photodisintegration of the denteron as a function of proton
angle [c.m. system, jj.b/sr, taken from ref.

3i
)]. 0° point: ref.

M
).

32) H. Arenhdvel and W. Fabian, Lecture notes in physics, vol. 86 (Springer, Berlin 1978) p. 84;

H. Arenhdvel, private communication (1979)

76 HU 4 40) RJ. Hughes, A. Zieger, H. Waffler and B. Ziegler, Nud. Phys. A267 (1976) 329

Table 5

The measured differential cross sections for the reaction
l6
0(y, n<>)

l30 and the errors involved

Ey 9. dir/dfZ, Stat errors
Systematical errors (%)

(MeV) (°) (u-b/sr) (%)
background normaliz & sum

60 40 9.47 ±3.9 ±4.5 ±4 <± 1 ±9.5

50 9.11 3.3 3.5 4 <1 8.5

60 8.21 2.6 3 4 <1 8

75 6.62 2.7 2 4 <1 7

90 4.68 1.5 1.5 4 <1 6.5

105 2.30 2.7 2 4 2.5 8.5

120 1.08 3.1 3 4 4 11

135 0.45 4.2 5 4 5 14

149 0.194 4.3 7 7 5 19

80 90 0.65 3.2 2 5 <1 8

120 0.049 12 8 10 5 23

160 0.046 25 23 30 2 55

FORM H9S-4II
IR!V. 7.14.641
use OMM-DC 2«OtO-P64
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F>g. 16. Differential cross sections for the reaction
,6
0(y. rv,)

l50 as a function of photon energy.
“ ^0*

• (c) 0, 135*. x this experiment, • Livermore J
’).

fa)

37) T.W. Phillips and R.G. Johnson, Phys. Rev. C2$ (1979) 1689

Fig. 21. Differential cross sections for the reactions
l6
0(y, no)

l50 and
ls
O(y, p0)

15N as a function of

photon energy for 0 = 90°; (y, n0 ): x this paper: • ref.
)7

); full line, ref.
23

); dot-dashed line, ref.
22

);

(r. Po>: • ref- *): ref. *).

jy p. ^
D -IS- Findlay and R.O. Owens, NucL Phys. A279 (1977) 385

8) M.J. Leitch, Ph.D. thesis, MIT (1979)

2_>
foo

S
n
hOCh ’ Phy*‘ RCV ' Lett- 41 (1978) 80 ’ Habilitationsschrift, Universitat Mainz. KPH/11/80,

B. Schoch and H. Goringer, to be published
23) M. Gan and H. Hebach, Phy». Reports 72 (1981) 1

80
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A.K. Berzin, A.L. Gryaznov, R. P. Meshcheryakov, A. A. Startsev,
Yu. V. Khimenkov

Yad. Geofiz. Geokhim. 9, 113 (1971)

METHOD

and
0 17

REF. NO.

8

71 Be 5 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLETYPE RANGE TYPE RANGE

G,N ABX 4- 9 C 4-9 BF3-I 4PI

16885 MEASUREMENT OF THE OUTFLOW OF PHOTONEU-
TRONS AND CALCULATION OF THE CROSS SECTION OF THE
lT0(y,n)“O REACTION AT LOW ENERGIES. Berzin, A. K.;

Gryaznov, A. L.; Meshcheryakov, R. P.; Startsev, A. A.; Khimen-
kov, Yu. V. Tr., Vses. Nauch.-lssled. Inst. Yadern. Geofiz.
Geokhim.; No. 9, 113-115(1971). (In Russian).

Yields from the reaction 1,0(y,n) 1*0 were measured from 4 to

S.5 MeV, and the cross section for the reaction was calculated.
It exceeded 3 mb at the highest energy. Errors in the deter-
mination of photoneutron yield were estimated to be 10 to 15%. Ap-
plication of these data and the photoneutron method to the estima-
tion of the water-to-oll contact position In oil wells was explored.
(2 figures) (RWR)

V »
'• MOJlb'P

Pnc. 2. Buxojt Y japHuan 2 ) u cc'imue « (Kpimun ;)
, pcui-umi O*’ ( v, n) O 1 * 1

.

Hauepemiuc siiancim/i auiona oCoaiiuveiibi’ toh-
nauu c ynaaaiiueM, oiuhooh.
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I. Linck, L. Kraus and S. L. Blatt
PICNS-73, Vol.II, p. 931 (1973) Asilomar)

ELEM. SYM.

17

METHOD

73 LI 2
.

e&!_

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

T.G ABX 19- 22 D 15- 35 HAI-D DST

Fig. 3. Angular distributions for the

two lowest resonances.

Fig. 2. y_ and y, excitation curves.
° 1

. . 17
The excitation energies m 0 are

given at the target center, but the in-

cident triton energies have not been

corrected

.
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J. C. Kim, R. Yen, I. P. Auer, H. S. Caplan

Phys. Lett. 5TB , 341 (1975)

ELEM. SYM.

17

REF. NO.

75 Ki 11 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ LFT 3- a D 84-122 MAG-D DST

12 LEVELS 3.05-7.75

"O(e.e')

Ej-ll4MeV

B *145°

—Elastic I l/aa

a
j

1 «
m o
_ ,

ro

1 i 1«
|

l

* I i

£ 2 .

a»

^ r-n

i
1 rs

I • !*

* ^ s
60

l
m - lif--*

—^ «caeto ©i -*-T

m rr _ ^ »o m I O *0 »

8E 2 'r ob o |

V1
<D (J r-

» » l

’’ V>™

—n—t
i i

'i.iw

.
' .

«' V

-T

1

1

I

'it
.•

•**.1
*1 H|*'» I.H

1

I

Ex ( MeV)

Fig. 1. The raw spectrum of 114 MeV electrons scattered by 170 at an angle of 145*. The elastic peak has been multiplied by a fac-

tor of 2/19. The level identifications are due to ref. [6]. Levels with tentative spin assignments are marked with asterisks. Daggers

and brackets denote multiple peaks where no attempt was made to determine individual contributions.

^F. Ajzenberg-Selove, Nucl. Phys. A166 , 1 (1971)

Table 1

£(E3)t values for
170 determined by the present experiment in units of e2 fm4

.

Ex (MeV)
r
1* 3“
5 1

3“

1
7“
I \ '-j Total

3.05 31 ±6
3.84 153 ±6
4.55 98 ±8
5.22* 360 ±11
5.37 45 ± 12

5.69t 270 ± 32

5.93 17 ± 10

6.86*t (147 ± 34)

7.16 22 ±25
7.38t 47 ±38
7.56t 109 ±26
7.75* 369 ± 15

8.5t (negligible)

Subtotal (Exp) 195 ±36 143 ± 15 222 ±44 379 ±41 360 ± 11 369 ± 15 1670 ± 70

?^ifl(E3.(3"),60t 75 ±3 150 ±6 224 ± 9 299 ± 12 374 ± 14 449 ± 17 1570 ± 60

* Spin assignments tentative.

t ^-dependence of form factors was used to separate C3 contribution.
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c. C. Chang, E. M. Diener, E. Ventura

Nucl. Phys. A258 , 91 (1976)
|

EL EM. SYM.

17

REF. NO.

76 Ch 2 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
angle

TYPE RANGE TYPE RANGE

HE, G ABX 22- 25 D 3-8 NAI-D DST

E* In
r7
b(M^/)

2.4

U6(-

08

0

I

il h

- '"Clr.rft

8 *
1»H

,4
C(r.Y)

r70

1.6

08 •i
1

in

—

l
't i

4.0 60 60

Er(MeV)

Pig. 2. Absotuto differential cross sections os a function

of £, for 14C(r,y0)
l7O and 14

C(r,yi) i70
at 90* (lab).

90-

60-

60-

60

30

Et*3j6M*/

W0)-UQ38f? -ua0f^*a63 P,

Er«30McV
\W5l»K104q.Q40f*8

Et*4.IMS/‘

J 30 • '*a»MI36q-Q46

Er*48M^
WO«kQJ7J>-a5IF%

Er«5JMe/

WW)» l-*QJ6Fi-QJ9f|

30 do 90 120 &5

Fi*.A Angular distributions forMC|r;n)1T0.
ThecMSin the least-square fits to the expansion

*tf)-^*[l+ a,7*
(
(cosfi)l.

®CM^
Fig. 3. Angular distributions for 14C(r, y«)

l70. The curves are the least-square fits to the expansion

mO)-A0[l+ E».
t

a,P,(foaS)\.

Tablb 1

14C(t, yo)
1T0 angular distribution as determined from fig. 3

(MeV)
E,

(McV)
me)

3.6 21.7 7*0+(0.42±0.17)7»,-(0.47±0£1)7»,+(0.13±0.1S)7»,-(0.26±0.11)2»4

3.8 21.9 7*o+(0.08 ±0.05)7*! “(0.31 ±0.08)7*,

4.1 22.1 7*o—(0.08±0.03 )7»i- (0.43 ±0.04)7*,

4.8 22.7 7»„-(0.02±0.05)7>1 -(0.16±0.06)7>,

5.1 23.0 7**

fohm N 3 S-418
(R EV. 7.1 4>641
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REF.
B. E. Norum, J. C. Bergstrom and H. S. Caplan
Nucl. Phys. A289, 275 (1977)

EL CM. SYM. A

17

I z

METHOD REF. MO.

_77 No 1 egf

reaction RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ FMF 10- 30 D 65-168 MAG-D 75

Attract: The giant resonance region of ;70 has been investigated S in,-arts of inelastic electron scattering

in a momentum transfer rance0.3-L-0.98 fm '. The data reveal a feioad c:po-r res. -nance centred at

22-23 MeV excitation, with strength extending down to 1 G— i 2 MeV. A smaller resonance found
between 17.5 and 19.6 MeV excitation has a form factor consistent with a C2 transition. Le\e!s at

16.5 and 17.1 MeV excitation are aiso reported for the first time. Fine structure is observed between

11 and 15 MeV which correlates well with the positions of previous!;, known levels. A particle-hole

nicael with the Kuo-Brown residual interaction gr.es a satisfactory description of the strength

distribution and ^-dependence of the giant dipole resonance, although a scale factor of 1.85 is

required to achieve agreement in magnitude.

2 0- 1 10

1.5-

I Or \

i i

‘

0.5-
.

JkL

/
•1 WVyrR

i7

0 (e,e‘)

£, =124.0 MeV
8 - 75.1®

1.0

~— °-5
i\ J

i .
>•
v> ,

11
'i

'

.v. ..'vj.i
«
w;n

E, = i '3.5 MeV

1.5-^-

L.— 1 .0 -

I

C.5f

i.o!

—

I

I

0.5r

*,'Y

A

iV

’ll
>

ft 'V

/,
i* .

£,= '0' 3 Mev

E, = 93.3 MeV

I.O
1
- -

I

0.5,-

”7

*.*'*>•

k&'nh v
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V ” IT . ti

20 25

6«.9 M»v

30

E x ( MeV

)

Fig. 3 Electron scattering spectra from 170 in the giant resonance region, presented as differential form
factors. The radiation and background tails have been removed. The straight lines approximately delineate

the 17.5-19.6 MeV structure.
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Fig. 4 The total form factor in the 20-30 MeV region of “’O. The triangles represent the particle-hole

calculations, scaled upward by ! .85. based on the Kuo-Browr. matrix elements. The solid line is a Helm
model fit assuming a Cl transition.

Fig. 5. The total form factor for the 17 5-19.6 MeV region of
1

O. The Helm model fits are based on R
and u determined from the C' t'.t ir. fig. 4

580



ref. J.C. Kim, R.S. Hicks, R. Yen, I.P. Auer, H.S. Caplan and
J.C. Bergstrom

Nucl . Phys. A297 , 301 (1978)

EL EM. SYM.
!

A

0 17

METHOD REF. NO.

78 Ki 3 rs

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ LFT 1- 9 D 63-125 MAG-D DST

Fig. 4. Form factors of the 7.56(D and 7.38(1*. D MeV peaks. The solid(curves show

factors each of which is taken as the sum of two contributions. Cl +C3 for the 7.56 MeV state.

C0 + C3 or C2 + C3 for the 7.38 MeV doublet. The shapes c-f the separated form factor componen s

were predetermined as described in the text ; only their magnitudes were varied in the fitting procedure.

over
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Table 2

The l70 reduced transition probabilities and ground-state radiative widths

E.

(MeV)
r Cl S(CIT)

(e
1 fm21

)

r*(Cl)
(eV)

MA *MAT)
(e

2
• fm 21

)

f^(MA)
(eV)

0.871 r & 2.10±0.01 *)

3.055 r C3 31 ±6 (8.7 ±1.7)x 10'*

3.841 r C3 153 + 6 (7.1 ±0.3) x 10* 7 M2 (5 ±2)x 10* 1
(4.6 ±1.8)x 10**

4.554 r C3 98 ±8 (2.2 ±0.2) x 10** M2 (5.4±2.1)x I0* 2
(1.8 ±0.7)x 10"*

5.083 r C2 2.5 ±0.7 (1.0 ±0.3) xIO* 2

5.217 (D C3 360± 1

1

(8.5 ±0.3) x 10"* M2 <4x I0* 2 <1 x 10**

5.377 r C3 45 ±12 (3.3 ±0.9) x 10** M2 (6 ±3)x 10* 2
(4.5 ±2.2)x 10**

5.69b r C3 270±32 (1.5 ±0.2) x 10*’ M2 0.3 ±0.2 0.15±0.10

5.935 r C3 17± 10 (5.0 ±2.9) x 10**

6.356 r a 2.1 ±1.3 (5.3 ±3.3) xIO* 2

6.859
'

l <n C3 147 ±34 (1.2 ±0.3) x 10**

6.970
:i <n C2 1.9 ±1.0 (2.5 ±1.3)x 10' 2

7.378
'

)

** CO 5-5 ±1.0*)

orC2 3.6 ±1.0 (6.3 ±1.8)x 10* 1

7.379 .) r C3 47 ±38 (2.1 ± 1.7) x 10* *

7.569 r Cl (7.8 ± 2.0) x 10* 2 26 ±7
C3 109 ±26 (4.3 ± 1.0) x 10* *

7.751 <¥“) C3 369 ±15 (I.16±0.05)x 10* 4

8.347 'I

1

** CO 7.6 ±1.4 *)

8.402 r orC2 8.3 ±2.6
8.467

j

r
8.502 J1 r

The bracketed levels were unresolved and have been analyzed as a group. Bracketed spins are tentative and

were used to evaluate the radiative widths.

*) Deduced from the lifetime measurement *).

b
) For CO transitions the monopole matrix element is tabulated.

6
F. Ajzenberg-Selove, Nucl . Phys. A166 (1971) 1
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REF. R.G. Johnson, B.L. Berman,

Phys. Rev. C2.0 , 27 (1979)

K.G. McNeill

METHOO

J.G. Woodworth, J.W. Jury
EL CM. STM.

Page 1 of 3
17

REF. NO.

79 Jo 2 hg

REACTION result
EXCITATION
ENENOY

SOURCE DETECTOR
ANCLE

TYPE HANOI TYPC HANOI

G,N0 ABX 5-33 C 13-34 TOF-D 98

Photoneutron spectra from
IT0 have been obtained at bremsstrahlung end-point energies of 13.7, 16. 22, J-PI, LFT, ENRICHED 017

28, and 34 MeV using the neutron time-of-flight technique. The angle between the incident photon beam
and the 49.2-m flight path was 98*. From the measured spectra the differential cross section for the

O(y,n0)
l<

’O reaction between 5 and 33 MeV was obtained. The considerable structure in the cross section is

compared with the known spectrum ot levels for this nucleus compiled from previous studies using various

reactions. In the region below 19 MeV, 18 resonances correspond to levels previously identified. In addition

at least 12 other resonances which have not been seen previously have been observed. In the giant- dipole

resonance region (above 19 MeV) the present results delineate the T = 1/2 strength. The measurement is

compared to the
l60(p,y0 + 7 i)'

!F reaction with the expected similarities observed. The measurement also is

compared to lp,2p-lh shell-model calculations.

NUCLEAR REACTIONS ’‘Ofy.rtg)
lsO, £r = 5.0—33.0 MeV; measured photoneutron

time-of-fiight spectra; deduced (da/dQ.) (£rj 98°), resonant structure; T=£
strength of the GDR.

TABLE II. Detailed analysis of some 170 negative-parity levels below 9.5- MeV excitation

energy.

j n

Excitation

energy

Ex (MeV)

Ref. 18

Neutron

width

r„ (keV)

Alpha

width

Ta (keV)

— L " ..L.

Ref. 19

B(£3t>

(e
J fm°)

This measurement
Excitation Gamma
energy width

£,( MeV) r\ 0 ieV)

2T
2 5.377 41.5 5.43 0.7 ±0.4

f 5.696 3.4 270 ±32 5.71 1.1 ±0.4

T 7.380 1.1 0.Q03 47 ±33 7.37 0.8 1 0.4

JL~
2

7.685 18 0.01 7.66 1.5 ±0.5

2
8.197 48 4.0 8.24 1.4 ±0.5

f 8.505 3.4 1.9 (negligible)- 8.48 6.6 ± 1.8

i."
2

8.689 42 1.3 3.69 1.2 ±0.6

f 8.969 23 2.3 8.98 4.1 ± 0.8

(over)
U.s. DEPARTMENT OF C 0 MM £ PC i

NATIONAL 3UREAUO? ST AMQAR3S
FORM N3S-418
Ifl E V. 7.1 4-641
USCOMM.OC 20010-P64 PHOTONUCLEAR DATA SHEET 583



in
i: 0.

Page 2 of 3

Excitation Integrated

Resonance energy strength Levels compiled in Ref. 15

number 1
E, (MeV) .4 t Me V pb/sr) £, ( Me V = ke V) J

•

r OT <keV)

1 5.14 6.7= 2.9 5.086 = 2 f 95 * 5

(2) 5.27

3 5.43 4.9= 2.6 5.380 = 2 x~
2

t-44OOC'l

(4) 5.57 3.5= 2.2

5 5.71 15.0= 4.8 5.698 ± 2 F 3.4= 3 /i

5.870 = 2 F 6.6= 0.7

<(6)>
b

5.96
\
5.940 = 4 F

1

32 = 3

(7) 6.30 5.5= 2.3

8 6.61 21.3= 9.2

9 6.97 10.0= 3.3 6.973 ± 2 <1
1

((10))
b

7.21 7.202 =10
2 280 ±30

'7.3831= 1.5
i.*
2 0.6= 0.2

11 7.37 5.3= 1.9
7.3860= 1.5 f 0.9= 0.3

*

12 7.66 11.6= 3.8 7.690 = 4 t 18 = 2

(13) 7. SO 4.2= 2.0
1

(14) 7.91 3.1= 1.5 1

15 8.24 4.0= 1.5 8.200 * 7 x~
2 60

( 8.474 = 3 f 7=3
16 8.48 14.1= 3.8

(8.508 ± 3
, _ 5=3

(17) 3.69 3.2= 1.5 8.700 ± 5 f 50 = 3

(18) 8.80 3.6= 1.8

(3.972 = 4 T 21 = 3

19 8.98 21.1= 4.2
(9.148 ± 4

_

t 4=3
((20)) 9.13 9.15 =20 r 1

21 9.28 7.0= 2.5

(22) 9.55 3.4= 1.4

23 9.72 13.1= 3.1 9.720 = 5 t 16 = 1

{ 10.178 = 5 F 40

(24) 10.25 13.1= 3.6 <
10.337 ±15 i.F 150

25 10.53 17.4= 2.9 10.563 =10 F 47 = 15 ,

(26) 11.02 20.6= 4.5 11.03 = 4 I

1

27 11.39 39.9= 6.2
1

23 11.39 13.9= 3.2

29 12.53 10.5= 3.2

30 12.33 13.1= 4.9 12.81 =25 !
*

31 13.06 18.2= 6.0 13.077 ±15 16 = 4

32 13.30 31.9= 8.1

j33 13.68 46 =14 13.672 400 *

34 14.65 125 =30 14.621 340

35 15.56 32.6= 3.3 15.5 broad

(36) 15.95 10.3= 4.5 w *

37 17.00 53 =13 17.09 =50 c 1

((38)) 17.67
1

39 18.25 42 =10

40 19.0 14.5= 4.3

41 19.7 78 =15

42 21.2 368 =79

43 21.7 27 =14 21.7 =100 F 750

44 25.7 171 ±47

45 26.9 91 =23

1 Parentheses in this column are used to indicate that the evidence for a resonance is not

compelling. Double parentheses are used when the evidence is even weaker.

‘’Possibly results from an excited-state transition(s). 584
Trom Ref. 20.



FIG. 1. The l?0(7 t ifl)
lsO differential cross section at 99*. The solid line is drawn to guide the eye. N'umberea arrows

indicate possible resonances. Horizontal bars represent the energy resolution of the measurement, a) Threshold to 12

MeV. tb) 12 to 19 MeV. ic) 19 to 33 MeV mote that the energy scale has been doubled for this part).
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J.W. Jury, B.L. Berman, O.D. Faul , P. Meyer, J.G. Woodworth
Phys. Rev. C21_, 5Q3 (1980)

EL EM. SYM.

17

METHOD «er. no.

80 Ju 4 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE range TYPE RANGE

G,1N ABX 8-40 D 8-40 BF3-I 4PI

G,2N ABX 20-40 D 10-40 BF3-I 4PI

(19.7-39.7)

Photoneutron cross sections involving the emission of one and two neutrons from
,70 have been measured

over the energy interval 8.5 to 39.7 MeV using monoenergetic photons from positron in-flight annihilation.

The 6-MeV wide giant dipole resonance is observed to be centered at 23 MeV and a pygmy resonance is

seen at about 13 MeV. Such structure as is apparent in the cross sections is not as pronounced as for the

cases of
l60 and ’O. Comparison of the total photoneutron cross section with recent ground-state data

indicates that much of the pygmy resonance decays to the ground or first excited state of “O, but that the

giant dipole resonance decays mainly to highly excited states in the daughter. Excellent agreement is

observed between the present results and a recent two-particle, one-hole shell-model calculation of the

isospin-split giant dipole resonance states for this nucleus. New photoneutron cross-section results for
l40 up

to 39.7 MeV are reported as well.

NUCLEAR REACTIONS itO(Y.n), Er =8.5-39.7 MeV and 18
0<y ,n). £r = 15.9-

39.7 MeV; measured 4t neutron yield for monenergetic photons; <T(£r ,ln),

p (E r ,2n), integrated cross sections, isospin splitting of the giant resonance

for 17
0.

TABLE I. Integrated cross sections and their moments.

Nucleus reaction

E thre«h

(MeV) a
EYmax

(MeV)
^in.

(MeVmb)
ff-l

(mb)

a-t

(mb MeV"*) Reference

irO (Y.ln) 4.14 39.7 111 4.94 0.256 This work
<Y,2n) 19.81 39.7 9 0.31 0.010 This work

lsO (y, In) 15.66 39.7 63 2.4 0.10 This work
(Y, In) 15.66 37.0 63 2.4 0.09 Ref. 11

(Y, In) 15.66 37.1 79 3.0 0.12 Ref. 12

1 From A. H. Wapstra and K. Bos, At. Data Nucl. Data Tables J^9, 215 (1977).

FIG. 5. The present results for the tTOfy,n) cross

section at low energies (data points) are compared with

the ground-state differential cross section of Ref. 2

(solid line). The vertical scale has been chosen to re-

flect a factor of 4ir between the two cross-section

scales. Below 10.2 MeV (the threshold for photoneutron

emission to the first excited state of
is
O), the two re-

sults should be identical except for (a) angular-distri-

bution effects in the differential measurement and (b)

resolution differences.

form N3S-418
(REV. 7-1 4- 641

USC OMM-N BS-OC

(over)

PHOTONUCLEAR DATA SHEET 586
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NATIONAL. 3UREAUOF STAnOAROS



Cross

Section

(mb)

Cross

Section

(mb)

Cross

Section

(mb)

20 '

•

a 12 >6 20 24 28 32 36 40

17,

r

12 r-

8 h
1

iilh'j.p

.

'

' il I M

,

!

i'|! iiiill

It. n| 'It. 2nl
_l

I u
-i 1 1 1 r

.6 r

' Photon Energy (MeV)

FIG. 3. Photoneutron cross sections for 170: Part

(a) show3 the total photoneutron cross section <r(y ,n lol )

= <rUy, n) * <y,pn) + (7, an) + (y, 2n)l; part (b) shows the

single photoneutron cross section ciy, In) = cr((% n) + (y,pn )

+ (y, an) I; part (c) shows cr(y,2n). The plotted error bars

indicate the statistical uncertainties. The threshold en-

ergies are indicated by arrows in this and other plots.

587



RSF
- I. Linck, L. Kraus, S.L. Blatt

Phys. Rev. C21_, 791 (1980)

EL CM. SYM. A Z

METHOD

0

REF. HO.

17 8

80 Li 2 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

T,G ABX 19-22 0-3 NAI-D DST

(19.3-21 .3) (.8-3.3)

Cross sections for the radiative capture of tritons by
14N have been measured in the incident energy range

0.8 to 3.3 MeV and found to be of order 200-300 nb/sr. The 90* excitation functions exhibit resonant
structures for the transitions to the 5/2* ground state of l70 and the 1/2* (0.87-MeV) first excited state.

Multilevel S-matrix fits of both excitation functions and angular distributions, on the assumption that dipole
transitions dominate, permit J * assignments for the observed resonances to be limited to a very few
possibilities; the best fit results, which are also most consistent with other relevant arguments, give the most
likely assignments 3/2', 5/2~, 1/2*. and 3/2' for states at 1976, 20.39, 20.58, and 21.05 MeV, respectively,

although the parities cannot be individually ascertained. The lower limit for the radiative widths T
r
ranges

from 1 to 6 eV. An additional level also appears to be present at — 19.3 MeV.

fUCLEAR REACTION !<
N(f,y) 170, E = 0.8— 3.3 MeV; measured cr(9,£), t7o de.

duced levels, J , T, T,.!^, r
t
.rn . Natural nitrogen target.

M
N(t.X

#
)

,7
0

J-PI, LFT

”0 excitation energy (MeV)

1 2 3

E
t
(MeV)

FIG. 3. Experimental angular distributions of f -cap-
ture y rays to the

170 ground state. The incident ener-
gies are given at the gas target center as in Fig. 2. The
solid curves are least squares fits to Legendre poly-
nomials up to order 2. The resulting coefficients are
shown in Fig. 5.

FIG. 2. Excitation functions at 90° for t -capture y
rays to the 170 ground state and first excited state. The
bombarding energies have been corrected for energy
losses in the entrance Nl foil and target gas. The
curves correspond to the ‘test” fit, as described in the
text.

(OVER)

TORM NSS-418
(R EV. 7>14.64I

USCOMM-NBS-OC PH0T0NUCLEAR DATA SHEET 588

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF 5TANOARD5



14
N(*.g

}

17
0* (0X71MW)

FIG. 4. Experimental angular distributions of t -cap-
ture y rays to the uO first excited state. Also see com-
mons of Fig. 3; the resulting Legendre coefficients are
shown In Fig. 6.

FIG. 5. Legendre polynomial fit coefficients of the y0
angular distributions. The curves correspond to the
fit obtained with the sequence (§*, §*, §") and the
parameters of Table I. The dashed curve corresponds
to the inclusion of a state at low energy.

TABLE L Best fit resonance parameters resulting from the three-level fit of the 90° excitation functions and coeffi-

cients of the Legendre polynomial fit to the angular distributions, in the reactions u
N(f,yo)

l70 and uN(f ,y1
)
nO‘. The

corresponding calculated curve is drawn on Figs. 2, 5, and 6. The possibility of other spin sequences is discussed in

the text.

(MeV) J’ l,s £
r

(MeV)

Transition y„

*«
(10~* MeV4/2 -*l/<

>

la.

rad

Transition yt

(10-* MeV-‘ /
’

: -M /<
)

la,

rad

1.14 3 -

7 1.

1

El 0.55 0.172 0.53 0.280 1.31

1.77 7 El 0.66 0.197 0.56

1.96 if
T °* 7 Ml 0.57 0.158 3.42

2.43 3
-

T El 0.47 0.131 -1.32 0.148 -0.51

TABLE II.
l70 level data deduced from the study of uN(f,yi170. Errors in this table cor-

respond to uncertainties given by the fitting procedure, including the different possible J '

assignments indicated.

J’ E„c (MeV) T (MeV) r
e
r„ (kev) J r

t
r

rj
(kev)2

Lower limit

rr„ lev) rrj (eV)

3?
7 19.76 ± 0.06 0.55 =0.05 0.54 ± 0.1 1.25 ±0.15 1.0 2.3

5* 7-

2 7 20.39 ± 0.05 0.66 ± 0.07 2.9 ±0.3
.
4.3

U
7 20.58 ± 0.05 0.57 t 0.08 2.9 ±0.5 5.1

3?

7 21.05 ± 0.05 0.47 ±0.06 2.7 ±0.4 3.0 ±0.4 5.8 6.5
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Ref. D. Reagan
Phys. Rev. 100, 113 (1955)

Elem. Sym.

18

Ref. No.

55 Re 1

Method y-r

N detector
EGF

Reaction E ot AH
S*

dE J * Notes

(Yjp) 25 67 MeV-mb Yield seemed to follow 25 MeV
isocbxomat or electron energy was
varied from 50 to 400 MeV.

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS

form NB5-418
ia-i-63)
USCOMM-OC 18590-P63

PHOTONUCLEAR DATA SHEET 593



Ref. F. Lacoste, G.R. Bishop
Nuclear Phys. 26 ,

5H ( 1961

)

Elem. Sym.

0 18

Ref. No

6l La 1

Method
Electron elastic scattering and inelastic scattering

JOC

Reaction E or A E ad E J n Notes

O
l8

(e,e)

°
l8

(e,e')

150

7 2.0

5.0

5.5

2

E2

T = (3.3±1.5)lO~
12

sec.

CHOMENTUM TRANSFER )

Rf. H> Inelastic form factor F
x
corresponding to the first excited state of O'*. The solid curve*

are the values of iqR) Cl. normalised at our best experimental point, unth R — (r# — 1.1,

r
9 = 1.3 and r, = 1.4).

I

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARD*form NBS-418

(8-1-«3>
USCOMM-DC 18536-P83

PHOTONUCLEAR DATA SHEET 594



H. Fuchs
Z. Physik 171 . ^16 (1963)

18

METHOD
Betatron; neutron spectrum; cross section; Stilhene scintillator;

ion chamber

REF. HO.

63 Fu 2 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XN SPC 11-31 C 31 SCI-D 3-20 90

(30.5) (2.5 - 20)

^ (90°) £ 0.32 mb/str

Fig. 1 a u. b. Energieverteilung der Photoneutrooen aus Ou ‘inter
90® bei E% — 30,S MeV. a von 2,5 bis 20 MeV, b von 2,5 bis 6 MeV

in feinerer Kanaleinteilung

form MBS-41S
(REV. 7-14-64)
use OMM-OC 260IO-P64 PHOTONUCLEAR DATA SHEET 595

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



R. Kosiek, K. Schlupmann, H. W. Siebert und R. Wendling
Z. Physik i22, 9 (1964)

c w j i M,

0 18 8

METHOD
Betatron; proton spectrum, yield; Csl scintillator; ion chamber
monitor

REF. NO.

64 Ko 2 NVB

REACTION RESULT
EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G,p SPC 18-32 C 32 SCI- D 2 - 14 90

Tabelle 1. Uberblick iiber die Messungen

Bei der Berechnung des integrierten Wirkungsquerschnittes wurde isotrope

Winkelverteilung anRenommen.

Target Isotop

Anreicherungs-
grad des

seltenen Isolops

Druck dcs (^0 ) 90"

Targetgases 1

mm Hg ^ ^

MeV stef

registnerte

integrate

Protonenzahl
MeV

Eo

f a dEy

MeV mb

Methan C' 3 55,2
i

700 2,5+ 15% 8327 3,5 37+20%
ch4

Knallgas 90 a) 1560 !

- 9560 ,
Hz+0 2

o ' 8 b) 750 4,6± 15% 7376 2,5 33 ±20%

SEPARATED IS0T0PES

a; 200

fOO

Fig. 6. Differentieller Wirkungsquerschnilt fiir Photoprotonenemiuion aua O'*, a) Unier 90° zum

/•Strahl unier der Annahme, dad nur Grundzusiandsubergange vorliegen, diese Arbeit (Hisio-

gramm ). b) Nach Stephens el al.» (x) (siehe c). c) Nach Montalbetti und Katz‘ (Kurve).

Die unter b) und c) eingeiragenen Werte wurden gewonnen. mdem die Reaultate der genannten

Auioren mil l/10-l/4ir multiplizien wurden.

Differentieller Wirkungsquerschniu fiir Photoproionenemiuion aus O'* nach (I). mil dem Fakior +
mullipliziert (Hisiogramm )

Prvtonencnergie

Fig. 4. Encrgievcrteilung der Phoioprotonen aua CM». Das Hisiogramm wurde aus dem der Fig. 2 ge-wonnen, mdem der Anteil der Protonenemisuon aus O'* abgezogen wurde. Fiir Proionenenergie ober-
halb der gestnchelten Senkrechten wurden zusiizlich die Ergebnisse e.ner weiteren Messung verwandt.

Nahere Erlauterungen im Text
SHEET 596

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS

l i iw *



Said F. Mughabghab
,

W. £. Stephens
Phys. Rev. 133 . B660-62 (1964)

METHOO

Betatron

13

REF. MO.

64 MU 1 NVB

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N SPC 10-20 C 20 EMU-D 1-10 DST

Target enriched to 90^ 0
13 J-PI. 2139 TRACKS

Fio. 1. Number of neutrons deduced from proton recoils plotted
as a function of neutron energy in MeV. Solid arrows indicate
neutron group while dashed arrows indicate further possible

structure.

[ic 2 Cross section versus photon energy for the photoneutrons

r„m oxygen-18 calculated from Fig. 1 using the neutron-proton

mattering cross section, the Schift bremsstrahlung spectrum,

ivncrimental details and the assumption of transitions to the

^rsc excited state of oxygen-17. The vertical bars show statistical

errors only.

Fig. 3. Angular distribution

of the neutron group at 1.3-

MeV neutron energy.

Fig. 4. Angular distribution

of the neutron group at 3.1

MeV.

Fig. 5. Angular distribution of

the 7.4-MeV neutron group.

Table II. Summary of results.

Neutron

0“
Excitation

Spin
and Excited-state Integrated

energy energy parity configuration cross section

1.3 10.3 MeV r 2 Sin, 2 Pm 7=2 MeV-mh

3.1 12.2 MeV i- 2 5w». - Pui 4.t>±2 MeV-mb

form NBS-418
(R EV. 7- 1 4-941
USC OMM-OC 29010-P94 PHOTONUCLEAR DATA SHEET 597

U.S. DEPARTMENT OF COMMERCE
NATIONAL. BUR EAU OF STANDARDS



G. J. Vanpraet
Phys. Letters L7 .

METHOD

120 (1965) 0 18 8

REF. NO.

Mark II, Linac 65 Va 2 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RAN <21 TYPE RANGE

E
r
E/ ABX 2-27 D 69 MAG 35-70 180

2
Enriched target (97. 55%) 0.160 g/cm

Absolute <3 based on E,P elastic scattering

Finds

•27

ddE for
l8
0/l6 = 0.80 ± 0.08

J

19.5
°

Table 1

Levela obeerved in
180 by Inelastic scattering at 180°

of 69 MeV incident electrons.

Levels
(MeV)

(+0.2 MeV)

Cross section
X 1032 (cm2/sr)

Levels
(MeV)

Cross section
x io32 (cm2/sr)

2.0 0.13 t 0.03 16.6 1.50 ± 0.17
4.45 0.20 i 0.03 18.4 1.86 t 0.20
5.6 0.14 t 0.02 20.2 1.85 t 0.20

10.9 0.34 + 0.05 21.9 1.75 t 0.20
12.6 0.54 + 0.05 23.7 1.38 + 0.20

'

14.0 0.32 t 0.07 25.2 1.40 ± 0.21
15.1 0.45 ± 0.17 26.9 0.92 t 0.13

excitation energy (MeV)

.

form NBS-418
IREV. 7-1 *-««)
USCOMM-OC 280IO-P84 PHOTONUCLEAR DATA SHEET 598

u.s. oepartmentof commerce
NATIONAL BUREAU OF STANOARDS



W. Hofmann, R. Kosiek, G. Kraft and R. Mundhenke

Z. Physik 22£, 303 (1969) 0 13 3

METHOD REF. NO.

69 Ho l egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XP ABY THR- 33 C 24-33 sci-d 3-14 90

Tabellc I. Dnicn :n den einzelnen Rectkiionen. Die Werte fiir den integricnen U'irkungs-

<1nerselinilt warden tuner der Annalime ansseldieflliclier GrnndznsUindsiibergunge

bereclinel. Fiir
13\a and 3qK als Aasna/nne s. Text

Tar- Anreiehe- (y,p)- Druck End- Zahl Ausbeute
3 2.5

j(7(E)dE Figur

get rungsgrad Schwelle

VIeV

Oder

Dicke

energie

MeV
gemess.

Protonen

ub/MeV sr

MeVmb

1SQ 99 16,0 230 Torr 32,5 36074 58+ 7 58 x 6 1, 2

:0Ne 90,9 12,8 450 Torr 28,0 3175 7,4 ± 1
— —

610 Torr 32,5 6293 14,9 ±2 61± 11 5, 6

::Ne 99,9 15,3 240 Torr 24,0 1960 2,3 ± 0,4 — 4, 5

28,0 4790 3,6 ±0,6 — 4, 5

32,5 5210 6,7 + 0,9 4- li- cc 4, 5

:jNa 100 8,8 65 u 24,0 14182 6,3 ± 1,0 — 7

60p 32,5 11 152 12,8 ±2,0 1 17 ± 30 7

J0Ar 99 8,5 250 Torr 32,5 45173 57 ±6 270 ±40 8, 10

'°Ar 99,6 12,5 230 Torr 32,5 29559 14,2± 15 104 ± 15 9, 11

30K 93,1 6,4 80 u 24,0 24230 17,4 ±2,8 — 12'

90 m 32,5 24941 41,9± 6,7 405 ± 100 12

'4Kr 99 10,7 170 Torr 32,5 35515 12,7 ±2,0 ry,o II 1
JO 14

Kr natiirl. 10 1 70 Torr 32,5 13 570 12,5 ±2,0 75 r 20 13

Xe natiirl. 9 150 Torr 32,5 7553 7,6 ±0,9 40-7 15

Fig. !. Energieverteilung der Photoprotonen aus 180. £0=3 2,5 MeV

Fig. 2. Der (/, p)-VVirkungsquerschnitt fiir
lsO

FORM NBS-418
(REV. 7-1 4-641
USCOMM-OC 26010-P64 PHOTONUCLEAR DATA SHEET 599

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



.

'



=._ C.M. 3 r M
.

J. L- Groh, R. P. Singhal
, H. S. Caplan, B. S.

Gan. J. Phys. 49, 2743 (1971)

METHOD

Dolbilkin

0
j

18

REF. NO.

8

71 Gr 1 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.E/ FMF 2-6 n 92,106 MAG-D DST

7 LEVELS, B(EL)

Fig. 4. Angular separation of the longitudinal and transverse form factors for the negative parity levels in 1 'O.

Table 1. Parameters of experimental runs performed and experimental results

Square of experimental form factor x 10* for each excitation \F(q, 0)|
a

4 (bracketed numbers arc percentage error in IF]
2
)Fn cl.istic 0 • - _

(McV) Urn ' ‘) (deg) 1 .98(2, *) 3 . 63(0. *) 3.92(2,*) 4 45(1,-) 5.09(3, ") 5.25(2,*) 5.33(0,*)

92.5 0.57 75 18.9

(9.5)

3.9
(26.7)

6.25
(10.2)

1.9

(42.7)
2.28

(16.2)

12.6

(184)
1.3

(46.0)
92.5 0.66 90 — 3.7

<30 0)

8.92
(10.1)

5.8
(19.7)

7.07
(17.6)

13.9
(19.2)

2.2
(48)

92.5 0.77 110 28. 1

(7.1)
5.2

(30.3)

12.6

(10.1)
8.5

(19.7)

19.6

(15.0)

17.6

(18.4)
4.3

(45.6)
92.5 0.88 140 .15.2

(7.1)

6.3
(28.9)

13.8

(12.0)
25.2
(17.4)

25.8
(16.3)

15.8

(21.7)
9.4

(44)
105.9 0.88 110 38.0

(7.3)

3.8
(27.6)

8.53
(10.2)

.. 7.6
(15.7)

20.7
(13.5)

16.1

(17.9)
<5

105.9 0.95 125 38.5
(7.2)

3.0
(35.2)

5.S2
(15. S)

10.9
(18.7)

28.4
(13.5)

20.4
(18.2)

<5

(over)
FORM N3S-418
(R EV. 7-14-84)
USCOMM-OC 2801C-P64 PHOTONUCLEAR DATA SHEET 600
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TaMJI 2. Comparieoa of eapcnmam with model calculations Tor “O. Single particle fWemkopf) estimates for the

transition probabilities in 3(E2j) 4.7 fm*. S(E3l) — 44.2 e‘ fm*

Level Helm model parameters Transition probabilities to the ground sute
parameters (tilted to experiment) 0(EL/Xc J fm1

') or IMEI'fe 1 fm*)

Energy
(MeV) /.* Qj yj

Helm
model

Liquid
drop

Shell

model
Deformed

state

Other
experiments

1.98 n
*i 0.524 Longitudinal 9 0* 9.0" 9.0* 9.0* 9.0 + 2*

8.2 ± 0.8*

3.63 0.0578 Longitudinal 6.9 1.4 0 12.4 —
3.92 Model docs not give a

satisfactory fit to the data
(1.7) 0.12 (4-6) x 10-* 1.16 0.97 ± 0. 6*

4.45 It- Transverse 1.51 — — — —
5.09 3,* 0.739 0.167 160 90 — — —
5.25 0.382 Longitudinal 4.8 — — 3.96 —
5.33 0,* 0.0592 Longitudinal (7.2) — — 0.3 —
*M<xki parameters were adjusted to reproduce the caper imenLai value of Li the/land ere/. (1963).
*Alkn and Lawson (1971).

*o
1.98 MeV

Fig. 5. Longitudinal form factor for the 1.98 MeV,
2* level in “O. The model curves are fitted to reproduce

the transition probability to the ground state. An elective

charge e. = 0.5 is required for the deformed state model

(Benson and Irvine 1966) and e, = 0.65 for the shell

model (Kanestroem and Koren 1969). In the notation of

Walecka (1962) the liquid drop strength parameter is

(bjCt)'
11 = 7.33. Harmonic oscillator wave functions

have been assumed with an oscillator parameter b =»

1.869 fm (Singhal el at. 1970) except for Benson and
Irvine who use a value b — 1.77 fm.



REF.

M.M. Dorosh, N. P. Mazyukevlch, V. A„ Shkoda-Ul
'
yanov

Ukr. Fiz. Zh. 17, 847 (1972) 18

METHOD REF. NO.

72 Do 13 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.P ABX 16- 25 C 16- 24 wi-K

4PI

21064 CROSS SECTION OF THE *r.p> REACTION WITH THE
“O NUCLEUS. Dorosh. M. M.: Muywiia. N. P.; Shkoda-
Ul’yanov, V. A. (Uzhgorod State Cnrv., USSR}. Ukr. Fiz. Zh.
(Russ. Ed.); 17: No. 5 , 847-9(May 1S72). da Russian).
The cross section of the reaction u0rr,p) 1TN was investigated

as a possible basis for a novel analytical method for geology,
metallurgy, and the chemical industry. The delayed neutron
yield from O was measured by a betatron using two independent
methods (thin and thick targets) within the limits from threshold
(16.4 MeV) to 24.5 MeV. Averaged values for the ma-timum ob-
served cross section (12 mb at 23.0 MeV), which is considerably
smaller than the cross section published by other workers, are
given. (KSW)

* DELAYED NEUTS

Ce4e«He peaxuHH O is
(y. p), paccnnTaHHoe no atiic

jy 3ana3HhiBaiouiHX KeHTposoa: 1 — ronxas .MHUiexb

pacveT no werony rieHCpo.ifaaa—/leficca; 2— To-tcm
MHineHb, pacMer no MeToay aaocrbi [I3J; 3— ceueKHc
no.iyReHHoe a [6], noxa3aHbi cra?HCTH>?ecKHe ouhok;

form N3S-413
(R EV. 7-1 4-841
'JSC OMM-O C 28 010- P84 PH0T0NUCLEAR DATA SHEET 602
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M. Hass, Z. Shkedi, D.F.H. Scare, Y. Wolf son,
Nucl. Phys. A220

, 217 (1974)

METHOD

and Y. S. Horowicz

18

74 Ha 2 egf

RESULT
EXCITATION SOURCE OETECTOR

REACTION ENERGY TYPE RANGE TYPE RANGE
ANGLE

G,G LFT 6 D 6 SCD-D UKN

(6. 20) (6. 20)

SELF-ABSORPTION

Abstract: The width of the 6.20 MeV, Jn = 1
“ state of ‘*0 has been measured using a resonance

fluorescence self-absorption technique. For a ground slate branching ratio, ra/r •= 0.88, one
finds ro = 180±30 meV. The energy of this state was determined to be 620i.7±0.8 keV.

NUCLEAR REACTIONS ‘*0
(y, y'). £ =* 6.20 MeV, measured self-absorption

ratio, a(£y). “O deduced level, f. Resonance fluorescence. ’

N

form N3S-418
(R EV. 7- t 4-84)
(JSC OMM-DC 2S0I0-P64 PHOTONUCLEAR DATA SHEET 603

U.S. DEPARTMENT OF COMMERCE
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ELEM. SYM. A
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REF. NO.

75 Al 4 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G
r
N ABX 10- 18 C 11- 18 TOF-D 98

NORMALIZED neutf!0N SPECTRA0En
25K«V0n

4.Q EMFOMT r71»**

3.0

zo

1.0

00

40.

30

” 20 . (

I J
u
U,

ov
>

5 40 ,

« 30

20

10

oc

4C

.

30

20.

to

00L

* .

fv /*

J

t\,

'

\r

} ,

**
* .

CMOPCMT I44IM

v>.
V .

00 10 20 30 4 0 50 60 70 90 90
NEUTRON ENERGY(McV)

Fig. S. Normalized neutron spectra between 17.8 and
14.8 MeV for **0

(y, n)
170.

GPOUND-STATE SIGMA

Fig. 6. Normalized neutron spectra between 14.1 and
11.4 MeV for **0(r, n) l70.

excited state (7* = l/2
+

). It can be seen that there

is a significant ground state contribution to the

cross section in contrast to the small contribution

previously reported (Mughabghab and Stephens

1964).

Fro. 7. Differential ground state and first excited state cross sections for 1 ’Ofy, n) ,70 at 98 °. The horizontal ban 504 au™'auo^st andards
indicate regions of uncertainty due to significant transitions to the lint excited state. The error ban are statistical only.
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Banaert, U.E.P. Berg, K. Wienhard and H. Wolf
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EL EM. SYM. A

METHOD

0 18

REF. NO.

8

76 Ba 10 , egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,NG ABY 9-28 c 23,28 SCD-D 125

S72NG ABY TB^28
23,28

G,PG ABY 17-28 23,28

G,AG ABY 12-28 23,28

The decay of the
180 GDR to excited residual nuclear states has been examined by mea-

suring spectra of prompt deexcitation y-rays. The target was irradiated by bremsstrahlung
with endpoint energies of 23.5 and 28 MeV. “Bremsstrahlung-weighted” integrated cross

sections are given for the population of the residual nuclear states in
l7
0,

17
N, l60 and I4

C.

Proton decay to excited states in
l7N is remarkably weak. It seems that lp 3 ,2 excitations

play only a minor role in the
180 GDR.

CM
II

3'— 6131 —
0*— 6050—

6228keV 12190 keV 8047 keV

I

OdQ
O

—4208— < 5/2— 1905— 3/2 .5/2— 1850—1/2'
— 1374— 3/2'

1 / 2
'

15943keV

1 1

Fig. 1. Population of excited residual nuclear states measured with 28 MeV bremsstrahlung endpoint energy. The thickness of the arrows

pointing to the states is proportional to the population strength. I Note that only the ground and first excited state of each nucleus are drawn
in correct scalel

form N3S-418
IR SV. 7-1 4-841

USC OMM-N SS-O C

(over)
U.S. DEPARTMENT OF COMMERCE

NATIONAL BUREAU OF STANDAROS
PHOTONUCLEAR DATA SHEET 605



TaMe 1. Results of the ‘'Ofy.Jty') experiment, giving “brems-

sirahlung-weighted' integrated cross sections in MeV mb for the

population of excited residual nuclear states. The bremsstrahlung

spectra have been normalized at 10.7 MeV

Bremsstrahlung endpoint

energy (MeV)

23.5 28

17N states*

g.s. 1/2" 9.34 b 17.37"

1.374 keV 3/2- 0.31 101

1.846 keV i/2* 0.28 0l88

1.905 keV (3/2, 5/2)" 0.16 0.86

4.208 keV S 5/2 0.31 0.88

Sum of observed (y, p) excited

state cross sections

1.06 4.63

1

7

0 states

870 keV 1/2* 6.01 6.71

3.055 keV 1/2" 5.18 8.69

3,841 keV 5/2* 0.77 s
1.17

s

Sum of observed (y. n) excited

state cross sections

11.96 16.57

1 “O states

6,131 keV 3"

'*C states

0.18 1.07

6.093 keV 3“ 0.35 0.48

6,728 keV r 0.31 0.38

Sum of observed (y, 2 ) excited

state cross sections

0.66 0.86

* Spin assignments from Reference 4
b
Calculated from the data of Reference 7

‘ This value contains admixtures from the decay of the 1

3

C 3.854 keV

state

606



B.L. Berman, D.D. Faul, R.A. Alvarez, P. Meyer

Phys. Rev. Lett. 36^, 1441 (1976)
EL EM. SYM. A Z

METHOD

0 18

REF. NO.

8

76 Be 4 hmg

REACTION result EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P ABX 16- 31 D 16- 31 ACT-I 4PI

DELAYED N FROM Nl7

The ,8
0(y ,p)

l1V cross section has been measured with monoenergetic photons from

threshold to 30 MeV. The results show striking sfvdarities and differences with the

,8
0(y,£)

l5N cross section.

^A.H. Wapstra and N.B. Gove, Nucl.

Data Tables 9, 303 (1971)

.

14 16 It 20 23 24 24 2t 30 37
C , . . .

14 1C It 20 23 24 26 2t 30 13

PMn Emt!) (M«V)

FIG. 1. (a) The 18
0(y,p)

1TN cross section measured
in the present experiment compared with (b) the lsO(y,

p)
15N and (c) the 160(y,n) 150 cross sections taken from

the literature (see text). Threshold energies (from

Ref. 2) are indicated by the arrows. Solid lines are

used to represent the lsO cross sections because they

have been synthesized from several experimental re-

sults; in any case, the relative precision of these re-

sults is good enough so that no important structure has
been created or obscured by this procedure.

form NSS-418
(R EV. 7-1 4-04)

USCOMM-NBS-OC

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS
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REF. NO.

76 Kn 4 egf

REACTION RESULT EXCITATION
ENERGY

oetector
ANGLE

4PI
G, IN ABX 8- 33 8- 33 MOD-

1

G,2N ABX 11- 33 11- 33 MOD-I 4PI

128

12 r
h « ’.to)

10 r

3 r

.. i

o r

* r

2P

!
i ‘ l

'?

i-A;

1056

h t

Z\ I *. L "'*
• V Ui

L ; J t rjy? r.lW

ite
iBlS ;l 'ilf 3

rilTrtr *

_J I 1 I 1—

o e a * eS •— •— ou U u C u
?;? 3 5
S5J.2S
X E 2
§ « s 2o —. r o jz

E 1} -2 o °*
- o r - u

|i?f!“ C » 2 "*

« o o 2 "o
y) !r h c «
« o o 2 o
1 g
3 s ^ § J
> -s < ~ o
U ^ *j V
T? e U -o

£ 2 £ 52n y r O 3
2 a « s 3
clJ e J a
3 O 2 2 .=

"2 u o a S
SXSSa
S P « 2 2u • — o .5
c 2 -= Q.

« .2Pa _ °5c 3 5 .2
i s = o "O

O "Z .2 - S

a 3 I s §»2S?2
.1 g I s J
u ^ “ u 7
S = » £
5 2 .2

H
s

3 5 jd § 2
£ E. 8 3.^
; £ ? “ 5.

^.2 S

a s
- -sag
° -a t 3 2
J f 1 I u "
< | -3 * | S'
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Fig. 1. Measured photoneutron cross sections for **0, from top to bottom : total photoneutron production

cross section <*7 . Tn) - o<y, n)+«*T. po)+2«<y, 2n)+Mr. 2np); double neutron cross section <Hj. 2n)

+<r(y, 2np); single neutron cross section «<r, n)+<r(y, ptv); total photoneutron cross section «(7,O - g^n
e(y. n)+«(y. pn)+<r(y. 2n)+e(y, 2np). The lines are drawn merely to guide the eye. DUO
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METHOD REF. NO.

79 WO 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE A AN GC

G,P ABX 16-42 D a-42 BF3-I 4PI

G,1N ABX a-42 D 8-42

G,2N

Ail the major photonuclear cross se

ABX

ctions for "O,

13-42 D 8-42

including oiyj>), cr[(y,n) + (y.np)], and aiy.Zn), were

measured as a function of photon energy from threshold to 42 MeV. The photon energy resolution was

between 200 and 300 IceV. The source of radiation was the monoenergedc photon beam obtained from the

annihilation in flight of fast positrons. The partial photoneutron cross sections were determined by neutron

multiplicity counting, and the average neutron energies for both single- and double-photoneutron events were

determined simultaneously with the cross-section data by the ring-ratio technique. The photoproton cross

section was determined by counting the delayed neutrons from the /3-decay of the residual
17N nuclei.

Integrated cross sections were extracted from the data and compared with sum-rule predictions. Resonances

in the pygmy-resonance region exhibit substantial decay branching to negative-parity states in
it
O.

Significant differences in the branching of resonances in the giant-resonance region to the various partial

cross sections, together with the photoneutron-energy data, allow isospin assignments to be made for all the

resonances, with the consequent delineation of the isospin strength distribution for
m
O. Evidence was found

for two weak but broad resonances above the giant-resonance region. Finally, comparison with the

corresponding cross sections for
lsO shows considerable differences between the two nuclei.

NUCLEAR REACTIONS 18
0(y, n), Ey

= 8.0—41.8 MeV; measured 4ir prompt, de-
layed neutron yield for monoenergetic photons; cr(Er, In), cr(£r 2 n), a(E7,p), in-

tegrated cros3 sections; detailed distribution of isosptn strength; comparison
- with l80.

(G,P) COUNTED DELAYED NEUT

» ^ .3
—

o - \ 939"
Zo

I 2
I n ,

I
<

< <
iTABLE III. Energies (in MeV) of resonances observed in lsO. 3 5

cr

Present work Ref. 1 3
—

Ref. 14

(y.tot) (T.n) (y,2n) (y,p) (y.rir,) (y,«l) (y,«> (y , 2«

)

1

9.1 9.1
110.2

|

ro— CO
CO^ w

10.3 10.3
10.3

CJ
1 10.4

1

x —

(11.1
-•

!

11.4 11.4
(11.4 11.5 11.3

I
*11.7

!

12.4 (12.6) nj in - 32

X CO

13.1 13.1 13.2 13.1

(13.4)

13.0
I

O
i

1

13.3 13.3 13.9 13.6

14.7 14.7 14.3 14.7 14.6 14.5 14.5
i

15.3 15.7 15.3 15.6 15.6 15.6 - ~
= °

16.7 X —
cn 1

17.3 17.1 17.5 (17.0)

19.4 (19.1) 19.4 « 1

21.1 21.1 21.0 21.2 21.2 i3

22.6 (22.6) 22.7 22.7 22.3 22.5
~ p

i
to n be co

23.7 23.7 23.5 23.7 23.4 23.5
-0

25.6 i i

27 27 27-28
30

36

30
i

i

to £
**. S©

cn x
i

cn cn

TABLE IV. Integrated cross sections for laO (integrated up to 41.3 MeV).
cc

Tl„t *-!

Reaction (MeV mb) (sum- rule units) (mb) (mb MeV" 1
)

lB0(y,p) 44.4 0.17 1.66 0.064
t8
0(y, n) 121.5 0.46 5.93 0.342

18
0(y, 2n) 76.7 0.29 3.14 0.141

l80(y,rt
f

> 198.3 0.74 9.08 0.483
180(y,tot) 242.6 0.91 10.73 0.547

o s

y

o £

% O
c c:

O £

1
>-
rt &

(over)

- V km noj*e 10
(REV. 7-14.04)

USCOMM-NBS-OC PHOTOHUCLEAR DATA SHEET 609
U.S. OEP*RTMENTOF commerce

N A T1 ON A L. BUREAU OF STANOAROS
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6 10 14 18 22 29 30 34 33 42

6 10 14 18 22 26 30 34 38 42

Photon Energy (MeV)

FIG. 3. Photonuclear cross section for
lsO: (a) or)'.p); (b) 017. In) = <r{ty ,n) * (Y.hp)); (c) 8(7,2 a); (d) ol7,* f)

= o((7,ln *(7.2n)); and (e) o(7, tot) = o(<7,/>) * O',*,)).
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REACTION RESULT
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ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

FORM N3S-418
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FIG. 9. Isospin components of the :,0 photoabsorption cross section, derived as described in the text: (a)o-> . the T>

= 2 cross section; and (b) <r< . the r< = l cross section. The data points have been average in pairs for purposes of this

of this analysis. The dashed line represents estimated values.

612



E.J. Ansaldo
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ref. EL EM. SYM. A
;

Z

I

0 18 8

method ref. no.

30 An 5 hg

REACTION RESULT
EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

E,E/ FMF 10-47
D 80-166 MAG-D DST

The giant resonance region of "O has been investigated by means of inelastic electron scattering at three values

of the momentum transfer. The main features of the giant dipole resonance correlate well with photonucleaj

reaction data. In addition, considerable contribution from quadripole excitations is apparent in the excitation

energy range from 10 to 23 NleV, with some additional strength from 30 to 45 MeV.

[NUCLEAR REACTIONS ls
O(e,e'), E= 80 .0-165.7 MeV, 9 = 67.0-132.0*—en-

riched gas target. Measured crtE',9). Deduced differential form factors.

FIG. 1. Inelastic electron scattering spectrum at 165.7 MeV, 67*. showing the contributions due to the elastic peak

radiation tail and background due to the target. The target-ln background shown was obtained by fitting a smooth curve

through the data obtained with an empty target and scaling that curve by a factor 1.12 that takes into account multiple

scattering events In the target gas.
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FIG. 2. Differential form factors at forward angles (energy bln wldth=200 keV). The three spectra correspond to

<j(23 MeV) = 0.43, 0.63, and 0.36 fm* 1

, top to bottom, respectively.
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„e, E.J. Ansaldo, C. Rangacharyulu, D. Bender, U. Kramer, A. Richter,

E. Spamer, W. Knlipfer

Phys. Lett. 95B, 31 (1980)

I EL CM. SVM.

0 18

MCTHOO RCF. NO.

80 An 6 hg

EXCITATION
ENERGY

SOURCE OETECTOR
REACTION result

TYPE RANGE TYPE RANGE
ANGLE

E,E/ SPQ 13-27 D 25-59 MAG-D DST

In a high-resolution la O(e, e') experiment sharp states at £x -
1 6.38 t 0.01 MeV (J r = 2”, ground state analogue of

ia N) and at Ex = 1 8.86 t 0.01 MeV (J n = l*) and clustering of strength (possibly with J" = 1 ". 2*) at Ex » 23.7 MeV have

been observed and compared to theoretical predictions. The transition strengths for the narrow states are £(M2) f = 58 e

8 w|J fm
2 and fl(Ml) t = 0.28 ± 0.04 u^, respectively. These results agree qualitatively with the results from the analogous

ia O(;r* t 7 )
iaN reaction.

A

O(e.e')

9 .133*

tl

E .59M«v
q°-C30tnr' *

Ey *9Mev
q .0401m''

I ; M
U
£ .

y

Excitation Energy /Mev

Tie. 1 . Spectra of inelasttcalJy scattered electrons at three

different momentum transfers. Notice the suppressed zero

of the scales on both axes.

.

A
k!f

UUr dmr,bu,ions at constant q = 0.4 fm
*

1 show-

trarui.'
,

V.
narrow PMks observed in this work are purely

hw)
fej

°r Procttbural details and notation see main text

J-PI, BEL, 16.4, 18.9

•25

>
4)

2
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d

c
<0

>
UJ
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c
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o
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u
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y
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A
! i j U ^

/
• r-

1

^
r-% i
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0(e,e')

E^ =54 MeV

1

0 =153’
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I 2
-

1_ 1 t

i* 1(1- 2 -)

1 —L 1 L_
14 16 ta 20 22 24 26 23

E
x
/MeV

Fig. 2. A comparison of the photon spectrum from the (ir'y)
experiment (top, adapted from ref.

( 1

1

) with the inelastic
(e, e ) spectrum at 54.3 McV (153’) (bottom). The area above
the dashed line has been used in the cross section estimates
discussed in the text.
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R.E. Pywell , M.N. Thompson, B.L. Berman

Nucl . Inst. Meth. 1 78 , 149 (1980)

i

1REF.

METHOD

ELEM. SYM. A

18

REF. NO.

80 Py 4 hg

REACTION RESULT
excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XN ABX 8-28 C 8-29 BF3-I 4PI

G,P ABX 16-28 C 8-29 ACT-I 4PI

The 180 [(t, n) + 2(y, 2n)| and 180(t, p) cross sections have been measured using the bremsstrahiung yield-curvetechnique.

Unfolding of the yield curves to obtain the cross sections is carried out using the Variable-Bin-Penfold- Leiss technique. The

results obtained agree very well with the results obtained using monoenergetic photons. The accuracy of the bremsstrahiung yield-

curve technique and the resolution obtainable with this technique are thereby established.

Fig. 3. The 1 80 [(t, n) + 2(y, 2n)
]
cross section derived from

the 18 0 “fine-resolution” prompt-neutron yield curve, by

analysis using the VBPL method using a smoothing factor

/= 1 .75 . The solid line is drawn between the data points for

the same cross section measured at Livermore. Fig. 4. (a) OCv, p) and (b)
1 8

0[(7, n) t 2(7, 2n)| cross sec-
tions derived Irom the “coarse-resolution" yield curves usmg
the V BPL analysis method with the smoothing factor
/- 1.75. The solid lines are drawn between the data points
for the same cross sections measured at Livermore.

(OVER)
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Fig. 5. (a)
i 8

0(7, P) and (b)
18

0[(7, n) + 2 (7 .
2n)] cross sec-

tions derived from the “coarse-resolution” yield curves using

analysis bin widths which varied smoothly with energy, and

which follow the Thies-criterion optimum bin width as

closely as possible.

PSoton *W7v 1 M#V)

Fig. 6. The error bars show the 18
0((y, n) + 2(7, 2n)| cross

section obtained by analysis bin widths following the Thies

criterion. The solid dots with error bars show the same cross

section measured at Livermore.

Table 1

Parameters of resonances observed in the 180 photonuclcar

cross sections measured at Melbourne and Livermore. Where

an unambiguous assignment of cross section or width is not

possible the figures have been omitted

Livermore Melbourne

Energy Peak Width Energy Peak Width

(MeV) cross

section

(mb)

(MeV) (MeV) cross

section

(mb)

(MeV)

180 [(7 , n) + 2a(y, 2n)J reaction

9.1 1.1 0.6 9.1 1.4 0.4

9.6 2.4 0.3

10.0 5.0 0.3

10.3 5.3 0.9 10.4 6.5 0.4

11.3

11.5 9.0 0.7 11.6 11.5 0.6

13.1 8.6 0.7 13.2 8.5 0.6

13.8 6.9 0.6 14.0 8.5 0.6

14.8 13.1 0.8 14.8 14.0 0.6

15.8 10.9 0.7 15.8 13.0 0.7

16.5 10.5 -

17.2 10.1 - 17.6 10.5 -
19.1 10.0 - 19.3 12.0 0.6

21.1 9.7 - 21.1 - -
23.7 17.7 ~2.5 a 23.6 21.0 1.8

180 (7 , p) reaction

17.5 1.2 0.6 17.5 1.2 0.7

19.4 1.8 0.9 19.4 2.2 0.9

21.0 1.2 - 21.0 1.6 0.9

23.7 6.1 1.6 23.7 6.8 1.7

3> This may include additional structures. From fig. 6.

c ) From Fig. 5(b). d
) From fig. 5(a).
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ref. k. Bangert, U.E.P. Berg^S. Junghans, R.

Nucl . Phys. A376 , 15 (1982)

METHOD

Stock, K. Wienhard EL EM. SYM. A

0

REF. MO.

Z

18 8

82 Ba 7 egf

REACTION RESULT
excitation
energy

SOURCE detector
angle

T Y PC RANGE

G,P SPC 19-32 C 24,32 TEL-D DST

G,D SPC 23-29 C 24,32 TEL-D DST

v 1,4 tract: Emission of charged photoparticles from the
liO giant El resonance region was investigated

at the University of Giessen electron linac at bremsstrahlung endpoint energies of 24 and 32 MeV.
Spectra of protons, deuterons, tritons and a-particles were measured at six angles. Proton decay

shows strong transitions to excited states in
l7
N. Deuterons and tritons have a nearly isotropic

angular distribution. The
la
O(y, t0J

lsN and the
I8
0(y, a0 )

l<C cross sections are determined in the

£iant El resonance region. El and E2
>8
0(y, a0 )

I4C cross sections are derived from the angular

distribution measurement.

i ..

(r
|

NUCLEAR REACTIONS a
O(y, p), (y, d), (y, t). (y, a), £,<32 MeV, measured particle

spectra, deduced <TyM{Ey \ 31, (£,; 9). Enriched target.

Fig 1 Total I y. p) cross section determined under the assumption of transitions to the ground state of

l7N la) for the measurement with 24 MeV endpoint energy and lb) for the measurement with 32 MeV

endpoint energy. The energy scale is valid only for transitions to the ground state of N.

2 -

20 22 24 26 28
EXCITATION ENERGY (MeV)

Fig. 2. The a, =* Ai/Ao and a 2 = A 2/A0 coefficients for the angular distribution of protons derived

from the measurement with ia) 24 MeV and (b) 32 MeV bremsstrahlung endpoint energy. (OVER)

FORM N8S*4ll
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EXCITATION ENERGY (MeVI

Fig. 3. Total (V. d) cross section and angular distribution coefficients a, and a 2 calculated under the
assumption of transitions to the ground state of

1ISN from the measurement with 32 MeV endpoint energy.

Fig. 7. Total (y, p) cross section determined under the assumption of ground-state transitions from the

32 MeV measurement (error bars). The solid curve in part (a) shows the total
lg
O(y, p) cross section

as given in ref .

2
). The solid curve in part (b) was calculated from ref.

2
) as explained in the text.
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K. Bangert, U.E.P. Berg, G. Junghans, R.

Nucl . Phys. A376, 15 (1982)

METHOD

Stock, K. Wienhard EL CM. SYM. A

0 18

REF. MO.

8

82 Ba 7 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLETYPC RANOK type range

G,T SPC 21-26 C 24,32 TEL-D DST

G,A SPC 19-27 C 24,32 TEL-D OST

' :Stract: Emission of charged photoparticles from the '*0 giant El resonance region was investigated

it the University of Giessen electron linac at bremsatrahlung endpoint energies of 24 and 32 MeV.

Spectra of protons, deuterons. tritons and a-particles were measured at six angles. Proton decay

shows strong transitions to excited states in
17
N. Deuterons and tritons have a nearly isotropic

ngular distribution. The
l8
0(y, t0 )

13N and the
ls
O(y, a0 )

l4C cross sections are determined in the

giant El resonance region. El and E2
18
0(y, ar0 )

I4C cross sections are derived from the angular

distribution measurement.

p j

NUCLEAR REACTIONS l8
0(y, p), (y, d). (y, t), (y, a), E„<32 MeV. measured particle

spectra, deduced cryM(Ey \ 9), cry<mi.Ey ; 9). Enriched target.

02

Q
1 „

- 0.2

-0 2

-0.4

21 22 23 24 25 26
EXCITATION ENERGY (M»V)

Fig. 4. Total (y, t) cross section and angular distribution coefficients a, and a 2 . The solid line connects
the Oiy, to) N cross-section data derived from the 24 MeV measurement. The other data points are
from the 32 MeV measurement evaluated under the assumption of transitions to the ground state of

"N. The angular distribution coefficients were derived from the 32 MeV measurement.

FOAM NS5-4IS
1A EV. 7-1 «-««!
USCOMM.OC 2S010.PS4

(OVER)
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Fig. 6. HI and E2 cross sections and their phase difference for the '*0(7, a0)

l4C reaction. The error

bars were derived from the statistical uncertainties of the data.
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ref. B.E. Norum, M.V. Hynes, H. Miska, W. Bertozzi, J. Kelly,

S. Kowalski, F.N. Rad, C.P. Sargent, T. Sasanuma, W. Turchinetz,

B.L. Berman
Phys. Rev. C25, 1778 (1982)

METHOD

EL EM. SYM.

0 18

REF. NO.

82 No 1 egf

reaction RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYRE RANGE TYPE RANGE

E,E/ FMF 2-8 D 1*3 MAG-D DST

Inelastic electron scattering from the low-lying even-parity states of iaO has been per-

formed. The measurements span a range in momentum transfer from 0.6 to 2.7 fm~'.

Form factors have been determined for the two lowest 0+ excitations, the three lowest 2 +

excitations, and the three lowest 4+ excitations. Transition densities for the 2* and 4 + ex-

citations have been obtained from a Fourier-Bessel analysis of these data. Comparisons

were made with the predictions of various theoretical calculations and the agreement was

found generally to be poor. A coexistence model was used to decompose the measured

form factors into their single-particle and collective components, which in turn were com-

pared with their counterparts in
160 and > 70. The results indicate that this model provides

a useful framework within which to understand the structure of the oxygen isotopes. Tran-

sition densities also were obtained within the context of this model.

NUCLEAR REACTIONS ,s
O(e,e') low-lying even-parity excited

states; measured form factors at 90* and 160*, 0.6 <4 <; 2.7 fm _l
; com-

parison to shell and coexistence models; transition densities extracted.

0.6*2.

7

FM-1 8 STATES

FIG. 5. Measured form factors for the lowest 2
+

ex-

citation in
ls
O. The circles represent our measurements

made at 90*; the squares are taken from Ref. 17. The

solid curve shows the result of an FBA fit to the data.

The dashed (dashed-dotted) curve was computed using

wave functions from Ref. 14 and =0.33e

!e poi = 0.50e). The dashed-dotted-dotted curve is taken

from Ref. 34, while the dotted curve was computed us-

ing wave functions from Ref. 10.

TABLE II. Reduced transition probabilities.

FIG. 4. Form factors for the lowest two 0+ excita-

tions in "O, measured at 90* (data points). The solid

and dashed curves are from Refs. 33 and 34, respective-

ly. The dotted-dashed curve was computed from wave

functions given in Ref. 10.

State B(EL; 07~L +
) (e

z fm1L
)

27 (1.982 MeV) 44.8+1.3

27 (3.919 MeV) 22 .2 + 1.0

2t (5.230 MeV) 28.3+1.5

47 (3.553 MeV) (9.04+0.90) X 10^

4? (7.114 MeV) (1.31+0.06)x 10*

(OVER)
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FIG. 8. Measured form factors for the lowest three

4+ states in
lsO. The data points represent our mea-

surements made at 90*. See caption for Fig. 5 for

descriptions of curves. The shaded band represents the

form factor for the third 4+ state computed [within the

context of the LSF (Ref. 11) model] from those mea-

sured for the lowest two 4+ states.

i

U i
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DEFINITIONS OF ABBREVIATIONS AND SYMBOLS

Note: In this list definitions are given for various photoneutron
reactions in which the following symbols are used: N, NL, nN, SN and XN.

Corresponding definitions apply for reactions invol ving other nuclear particles
where the symbols N (neutron) is replaced by, e.g. P, D, T, HE, A etc. Where
unknown reactions result in the. production of a specific radionuclide, the

chemical symbol andmass number is listed as the reaction product, e.g. a G,NA22
reaction in 59cq.

A alpha particle response function. Contrast
with D = discrete.

ANAL analy si

s

CCH cloud chamber

ABI absolute integrated cross-section
data CF compared with

ABX absolute cross-section data CHRGD charged

ABY absolute yield data. Often means
cross-section per equivalent

CMPT Compton

quantum is listed. COIN coincidence, coincide
COINC

ACT measurement of induced radio-
activity of the target COH coherent

ASM asymmetric, asymmetry CK Cerenkov

AVG average D deuteron or discrete. When
discrete, it is used to

BBL bubble chamber describe a photon source or
a detector response function.

BEL reduced electric radiative Contrast with C = continuous.
B(EL) transition probability

DLTE energy loss

BF3 BF3 neutron counter with moder-
ator e.g., Halpern detector. DLTQ momentum transfer
long counter

DST di stri buti on

BML reduced magnetic radiative
transition probability, B ( ML

)

DT BAL detailed balance

BREAKS levels located by "breaks" in the E electron
yield curve

E / inelastically scattered
BRKUP breakup electron

BRMS bremsstrahlung E+ posi tron

BTW between EDST energy distribution or
spectrum

C continuous. Used to describe a

photon source or a detector E/N used only to indicate a coinci-
dence experiment as in ( E , E/N )

.
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EMU

EXCIT

F

FMF

FM-1

FRAG

G

G/

G-WIDTH

HAD

HE

He3

I NT

INC

ION

ISOB

ISM

J

JPI

J-PI

K

N stands for any outgoing
particle measured in coinci-
dence with an inelastically
scattered electron. Distin-
guish from eg., (E,N) which is

used to represent an electron
induced reaction when only the
outgoing particle N is detected.

emulsions (photographic plates)

excited

kinetic energy

may be an integer or zero
that always follows a reaction
product symbol. This is used
to indicate transitions to

specific states in the residual

nuclide. When the letter is

used as in (G,NL) the cross
section given is that for the

sum of transitions to two or
more specific final states.

fi ssion LFT excited state lifetime

form factor LIM limit

inverse femtometers LV,LVS level, levels

fragment

photon

inelastically scattered photon

LQD liquid

MAG magnetic spectrometer

MEAS measurement! s

)

gamma-ray transition width MGC magnetic Compton spectrometer

hadrons, hadron production MGP magnetic pair spectrometer

^He particle MOD

interaction, integral,
intensity

includes

ionization chamber

i sobaric

i somer

multiplicity of particle
defined by following symbol

e.g. ( G , PJN ) with remark

J = 2, 3, 5,

7

spin and parity of a nuclear
state

second multiplicity index, e.g.

( G ,JPKN ) with both J & K posi-

tive integers greater than 1

MSP

MULT

MU-T

N

moderated neutron detector not
employing a BF 3 counter, e.g.

rhodium foil, Szi 1 ard-Chalmers
reaction, 3He, 6 Li reactions,
GD loaded liquid scintillator,
etc.

mass spectrometer

multiple, multipole, multiplicity

used only in combination with G

to indicate a total photon
absorption cross section measure-
ment, i.e. (G,MU-T)

neutron (see also XN and SN).

The notation (G,N) is used to

indicate a reaction in which only

a single neutron is emitted, i.e.

the reaction that can, in many
cases, be measured by observing
the radioactive decay of the

residual nuclide.
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nN where n is any integer. (G,nN)

indicates the sum over all

reaction cross sections in which
n neutrons are emitted.

NAI NaI(Tl ) spectrometer

NEUT neutron(s)

NOX no cross-section data

P proton (see also XP)

PART parti cl e(s)

PHOT photon(s)

PI pi on, usually written as PI + ,

PI-, PIO to indicate charge

SN

SPC

SPK

SPL

STAT

SYM

T

TEL

sum of neutron producing
reactions, a( y,SN )=a(y ,N

)

+ a(y,NP) + a (y ,2N )
+ a(y,3N)

+ etc.

photon or particle energy

spectrum

spark chamber

spallation

stati stical

symetric, symmetry

triton

counter telescope

POL polarized or polarization THR

Q-SQUAR momentum transfer squared (q
2

)

threshold for reaction or
threshold detector, e.g.,
29 Si(n,p) 29Al.

RCL recoi

1

REL relative

RLI relative integrated cross-
section idata

RLX relative cross-section data

RSP reaction spectrometer

TOF

TRK

TRNS

time-of-fl
i ght detector

tracks of particles or frag-
ments observed in solid
materials (glass, mylar, etc.)

transi ti on

UKN unknown
UNK

RLY relative yield data

SCTD scattered

SCD semiconductor (solid state)

detector

I

SCI scintillator detector other than
Nal, e.g., Csl, KI, organic
TTTquid or solid), stilbene, He

SEP separation

SEP ISOTP separated isotope used

SIG SIGMA (cross section)

|

VIB

VIR PHOT

XN

XP

XX

XXX

YLD

vi brati onal

virtual photon(s)

all neutrons, total neutron
yield, cr(y,XN) = a(y,N) + 2 a
(Y,2N) + 3a(y ,3N ) +a(y,NP) + etc.

all protons, total proton yield
<*(Y,XP) = a(Y,P) + a(y,NP) +

2a(Y,2P) + etc.

reaction products defined in

REMARKS

yiel d
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4PI a 4 it geometry was used or a

method like radioactivity or a

total absorption measurement

999 energy defined in REMARKS * or @

$ indicates the measurement
involved beams or targets
that were either polarized
or aligned, or that the polar-
ization of the reaction

products was determined.
The polarized particle is

indicated in REMARKS.

symbols used to indicate that
the units associated with the
numerals on one or both sides
of the symbol in a specific
column are not MeV. The units
are defined in REMARKS.
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